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PREFACE 


Chief  Master  Sergeant  Weber  has  continued  to  examine  nearly  «n 
systems  which  produced  significant  snowfall  over  areas  of  the  Midwest 
since  3 WW  Technical  Note  76-2  was  published  in  1976.  This  revision 
contains  additional  subjective  rules  which  were  not  presented  in 
original  report.  The  summary  in  Chapter  6 has  been  expanded  considerably. 
Many  of  the  subjective  rules  presented  throughout  this  report  have  been 
condensed  into  three  single  page  summaries  and  may  be  used  as  a reference. 

The  information  contained  within  the  Technical  Note  gives  fore- 
casters Information  concerning  those  favorable  phenomena  that  are 
required  at  various  levels  in  the  atmosphere  well  in  advance  of.  Just 
prior  to,  and  during  development  of  a major  snowstorm.  The  presenta- 
tion should  be  most  helpful  to  forecasters  in  determining  the  intensi- 
fication, movement,  and  the  effects  of  major  systems  that  pass  through 
the  Central  U.S.  during  the  winter  months. 

Forecasters  at  weather  stations  throughout  the  United  States, 
particularly  those  located  between  the  Rockies  and  the  Appalachians, 
should  find  this  study  most  beneficial.  It  has  been  written  with  the 
new  forecaster  in  mind,  because  Chief  Weber  feels  they  are  the  ones 
needing  it  the  most  and  having  more  to  gain  from  it. 
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INTRODUCTION 


Thin  Technical  Note  contains  an  orderly  discussion  of  the  atmospheric  condi- 
tions necessary  for  the  development  of  major  snow  storms  (those  producing  on  the 
order  of  four  Inches  or  more  of  snowfall)  over  the  central  United  States. 

The  presentation  starts  out  at  the  300mb  level  by  explaining  the  Ideal  Jet 
stream  pattern  preceding  and  accompanying  storm  development.  At  the  500mb  level 
It  focuses  on  Identification  of  conditions  and  areas  over  the  western  half  of  the 
United  States  that  are  favorable  for  cyclogenesis.  Related  long  and  short  wave 
trough  actions  at  the  500mb  level  are  also  discussed.  Then,  using  several  actual 
occurrences,  the  correlation  of  height  falls  tendency  to  that  of  the  newly  formed 
500mb  low.  Including  their  related  movement.  Is  discussed.  From  there  the  dis- 
cussion drops  down  to  the  850mb  level  where  the  lee-slde  trough  Is  discussed  rela- 
tive to  proper  Identification  and  proper  forecast  of  subsequent  movement  of  the 
main  surface  feature.  Then  In  Chapters  and  5.  many  examples  of  surface  synoptic 
patterns  that  produced  significant  snowfalls  over  parts  of  the  Midwest  are  pre- 
sented. 

After  Identifying  areas  and  conditions  favorable  for  storm  development  in 
Chapter  it,  the  discussion  next  keys  on  the  Identification,  Intensification,  and 
steering  of  the  main  surface  low  In  Chapter  5.  The  value  of  analyzing  the  500mb 
height  falls  and  maintaining  continuity  of  the  tendency  of  the  height  fall  center. 

In  addition  to  the  500mb  low/trough  Impulse,  Is  shown  through  numerous  case  studies. 
In  the  final  chapter,  summaries  for  recognizing  heavy  snowfall  patterns  using  many 
of  the  subjective  rules  within  the  tech  note  will  be  shown.  Finally,  the  8-11 
.’anuary  1975  Midwest  blizzard  Is  dlscu33ed.  The  related  events  at  all  levels  are 
Illustrated  In  12-hour  Intervals  from  start  to  finish  of  the  storm  to  tie  the  condi- 
tions at  the  various  levels  together. 


CHAPTER  1 
300  KU 

INTRODUCTION 

The  orientation  of  the  Jet  stream  and  the  location  and  movement  of  lsotach 
maxima  along  It  are  factors  that  provide  good  Indications  for  development  of  signi- 
ficant storms  over  the  western  United  States.  In  this  chapter,  the  lOOmb  main  Jet 
stream  patterns  or  configurations  known  to  precede  major  storm  development  will  be 
discussed.  These  patterns  can  be  thought  of  as  being  characteristic  of  short  wave 
and  long  wave  situations,  respectively.  The  relative  locations  of  the  Jet  stream 
patterns  and  the  wind  maxima  moving  along  them,  as  they  are  significant  to  develop- 
ment In  lower  levels,  will  be  presented. 

00  MB  JET  ORIENTATION  AND  WIND  SPEED  MAXIMA 


00  MB  PATTERNS  PRECEDING  MAJOR  SNOWSTORM  DEVELOPMENT 


1.  In  discussing  hers  and  elsewhere  In  the  technical  note  the  Intensification  of  short  wsvs 
Impulses,  It  will  occselonslly  be  Implied  that  the  short  wave  trough  Intensifies  sufficiently  to 
become  a long  wave  trough  pattern.  The  reader  should  not  confuse  thle  mention  of  the  long  wave 
trough  pattern  with  the  pattern  of  the  mean  long  wave  trough  that  la  commou  at  the  upper  levels 
over  the  northern  hemisphere.  The  Implication  In  this  technical  note  Is  that  an  upper  level  flow 
can  bs  sonal  on  day  one  only  to  change  to  a pattern  (say  on  day  three)  having  a strong  trough 
extending  from  the  Canadian  Plains  southward  to  Mexico. 


The  movement  of  wind  maxima  along  the  Jet  stream  should  always  be  considered 
in  assessing  the  potential  for  atorm  development.  A maxima  lsotach  area  either 
moving  southeasterly  Into  or  appearing  within  the  bottom  of  a trough  will  usually 
cause  the  trough  to  deepen.  A closed  low  circulation  often  appears  at  the  500rab 
level  when  the  lsotach  maximum  along  the  Jet  stream  swings  eastward  Into  the  bottom 
and/or  southeast  quadrant  of  the  trough.  The  appearance  of  Just  such  a closed  low 
at  500mb  and  Its  location  are  extremely  Important  for  determining  whether  a malor 
snowstorm  will  subsequently  develop  over  the  Midwest. 


The  two  most  common  300mb  Jet  patterns  that  Indicate  potential  for  storm 
development  are  shown  In  Figures  1 (short  wave)  and  2 (long  wave).  Each  pattern  Is 
shown  relative  to  the  two  significant  periods  in  the  development  of  a storm  system. 
Figure  a represents  the  Jet  stream  configuration  during  the  period  of  cyclogenesis 
over  the  western  U.S.,  while  figures  b and  c depicts  the  Jet  stream  position  later 
during  the  storm’s  progression  across  the  Midwest.  Wind  maxima  areas  are  alao  shown. 
The  Jet  stream  positions  and  the  wind  maxima  depicted  In  Figures  1 and  2 are  average 
patterns.  Each  Jet  stream/trough  relationship  will,  of  course,  vary  slightly  from 
these  patterns  depending  upon  the  strength  of  the  Jet.  NOTE:  The  low  center  and 
troughlng  shown  In  each  figure  of  this  chapter  Is  at  the  500mb  level. 


SHORT  WAIT'  PATTERN 


Figure  sequence  1 depicts  a changing  Jet  stream  configuration  within  a 
deepening  short  wave  trough.  In  Figure  la,  the  short  wave  has  moved  Inland  from  the 
Pacific  Ocean  or  the  Gulf  of  Alaska.  The  significant  feature  is  the  presence  of  a 
Jet  stream  approaching  the  West  Coast  behind  the  trough.  Generally,  the  overall 
pattern  shown  In  Figure  la  Is  zonal  with  short  waves  (varying  in  Intensity  from  nearly 
undiscernable  to  quite  strong  and  evident)  moving  steadily  eastward  across  the  U.S. 
Storm  development  often  occurs  west  of  the  Rocky  Mountains  with  maximum  storm  Inten- 
sification occurring  over  the  central  U.S.  Cyclogenesis  within  the  500mb  trough 
occurs  Just  to  the  north  of  the  area  where  the  jet  stream  digs  into  the  300mb  trough 
shown  In  Figure  la.  There  are  other  factors  besides  the  Jet  stream  to  be  considered 
for  500mb  low  formation.  These  factors  will  be  discussed  In  detail  In  Chapter  2. 


In  Figure  lb,  the  amplitude  of  the  short  wave  continues  to  Increase  over  the 
western  U.S.  Note  the  appearance  of  a wind  maximum  over  Mexico  and  west  Texas 
within  the  trough's  base.  Generally,  the  entire  Jet  stream  system  will  progress 
eastward  with  the  short  wave.  There  will  be  Instances  when  a short  wave  trough 
moving  eastward  will  appear  to  change  Into  a long  wave  trough  pattern^  due  to  strong 
a.  itinued  deepening  of  the  system.  This  change  of  patterns  can  cause  problems  In 
determining  the  path  of  the  low  system  across  the  Midwest.  (See  height  fall  center 
movements  toward  the  south  or  southwest.  Chapter  2,  page  10). 


The  Jet  stream  configuration 
shown  In  Figure  lc  Is  typical 
with  storm  systems  that 
organize  over  the  western 
Plalns-Rocky  Mountain  area. 

The  wind  maximum  shown 
earlier  within  the  trough's 
base  (Figure  lb)  has  now 
swung  northeastward  and  Is 
located  In  the  southeast 
quadrant  of  the  trough.  The 
Jet  stream  should  progress 
eastward  as  long  as  the  sys- 
tem continues  as  a short 
wave  feature.  Quite  often 
these  short  waves  continue  to 
Intensify  east  of  the 
Mississippi  and  take  on  the 
appearance  of  a long  wave 
trough  over  the  eastern  U.S. 

An  Important  point  to  be  con- 
sidered in  steering  short 
wave  lows  eastward  Is  that 
the  Jet  stream  axis  Is  usually 
oriented  WSW-ENE  across  the 
central  and/or  southern  sec- 
tions of  the  Midwest  during 
storm  development  over  the 
western  U.S.  A dangerous 
mistake  can  be  made  by  con- 
tinuing to  steer  the  approach- 
ing 500mb  low  in  an  easterly 
direction  along  the  Jet's 
axis . As  the  trough  reaches 
maximum  amplitude  (deepening) 
over  the  western  U.S.,  the 
ridge  usually  present  over 
the  eastern  U.S.  also  builds. 
The  segment  of  the  Jet  east 
of  the  low  will  swing  north- 
ward and.  In  turn,  will 
Induce  the  storm  system  to 
track  In  a more  northeasterly 
course . Short  wave  lows  moving 
out  of  the  Rockies  often  turn 
northeastward  across  the 
southern  Plains;  this  feature 
will  be  discussed  further 
in  Chapter  2.  For  midwest 
storms,  the  Jet's  eastern 
segment  usually  orients  SW-NE 
to  the  east  of  the  Mississippi 
River. 
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Lows  aoving  into  th«  Midwest  will  infrequently  continue  to  wove  in  an  east 
to  southeast  direction  towards  the  southeast  U.S.  The  upper  flow  pattern  in  these 
cases  would  show  a trough  over  or  Moving  towards  the  Bast  Coast  froa  Canada,  there- 
by precluding  any  ridge  developaent.  Usually,  tne  associated  jet  is  oriented  west 
to  east  and  further  south  over  the  Gulf  coastal  states  and/or  in  the  Gulf  of 
Mexico. 

LONG  WAVE  PATTERN 

Figure  2a  shows  a typical  jet  stream  configuration  within  a long  wave  trough. 
Such  a pattern  is  conducive  to  SOOmb  low  formation  over  the  Western  U.S.  Closed 
lows  and  short  waves  embedded  within  the  long  wave  will  often  "kick  out"  of  the 
trough  and  move  rapidly  northeastward  when  short  waves  from  the  Pacific  Northwest 
move  southward  and  approach  the  bottom  of  the  long  wave  trough.  The  Pacific  High 
is  pronounced  and  extends  northward  into  Alaska  and  western  Canada.  The  overall 
jet  stream  pattern  doesn’t  change  significantly  as  short  waves  move  through  the 
long  wave.  In  Figure  2b,  the  SOOmb  low  over  California  was  induced  to  move  north- 
eastward over  the  central  Plains  as  a short  wave,  which  had  progressed  over  the  top 
of  the  Pacific  ridge  in  the  Gulf  of  Alaska  and  western  Canada,  dropped  rapidly 
southward  along  the  West  Coast  into  the  long  wave  trough. 


WIND  MAXIMA  APPEARING  SOUTHWEST  OF  AN  UPPER  LOW 


Sometimes,  a secondary  wind  maximum  area  will  move  over  or  even  develop 
above  the  southwest  quadrant  of  a storm  system.  An  associated  SOOmb  height  fall 
area  frequently  develops,  due  to  this  wind  maximum,  in  the  same  quadrant.  These 
secondary  wind  maxima  imply  that  another  short  wave  impulse  (sometimes  hard  to 
discern  in  the  pressure  and  wind  flow)  has  developed  or  has  moved  into  the  trough 
upstream  from  the  low.  This  impulse  could  eventually  produce  another  low  associated 
with  the  secondary  maximum  area.  Also,  the  secondary  wind  maximum  can  cause  prob- 
lems in  determining  the  movement  and  the  strength  of  the  storm  system  located  down- 
stream over  the  Midwest.  Figure '3  illustrates  how  an  approaching  wind  maximum  area 
OOOmb)  caused  a storm  system  over  Kansas  to  stall  and  begin  filling. 
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Figure  Ja:  12Z  24  Dee  73 


Figure  3b:  007  25  Dec  73 


FIGURE  4:  WIND  MAXIMA  SOUTHWEST  OF  UPPER  LOW 


The  SOOmh  low  over  northwestern  Oklahoma,  shown  in  Figure  J»,  developed  in 
southern  Utah,  moved  southeastward  and  began  its  northeasterly  course  over  the 
Texas  panhandle.  Note  that  there  is  no  wind  maximum  located  near  the  low;  however, 
a maximum  does  appear  southwest  of  the  system  over  Mexico  and  southern  Texas.  A 
strong  150*  knot  jet  maximum  is  moving  southward  across  the  western  U.S.  Note  the 
short  wave  trough  from  Arizona  to  northern  Baja  California. 

In  Figure  3b,  12  hours  later,  the  SOOmb  low  still  appears  over  the  same  area 
shown  in  Figure  3a.  The  primary  SOOmb  trough  retrograded  over  Texas  as  the  new 
short  wave  moved  into  the  bottom  of  the  trough,  Also,  the  ISO*  knot  wind  maximum 
now  appears  within  the  trough’s  bottom.  The  effects  of  these  two  actions  caused 
the  entire  low  system  over  the  southern  plains  to  remain  stationary  for  nearly  12 
hours.  The  low  began  to  move  northeasterly  when  a 110-knot  maximum  developed  along 
the  jet  over  eastern  Kansas  and  Texns  ns  shown  in  Figure  3b.  Twelve  hours  later, 
the  SOOmb  low  moved  into  eastern  Nebraska  with  the  110*  knot  wind  maximum  located 
over  Missouri  and  Illinois.  The  ISO*  knot  maximum  remained  over  Mexico  and  produced 
continued 'trough  deepening.  Subsequently,  the  SOOmb  short  wave  system  appeared  to 
have  become  a Tong  wave  trough  feature.  Short  wave  trough  systems  will  often  change 
into  long  wave  systems  when  such  secondary  wind  maxima  appear  upstream  or  within  the 
trough's  bottom  as  just  presented  in  Figure  3.  Wind  maxima  areas  southwest  of  a low 
occur  often  within  long  wave  : roughs  as  short  wave  impulses  move  rapidly  south  from 
Alaska  and  Canada. 

SUMMARY 

The  two  major  patterns  of  jet  stream  configurations  that  are  typically 
associated  with  development  of  significant  Midwest  snowstorms  were  described.  In 
the  next  chapter,  significant  patterns  and  changes  evident  at  the  SOOmb  level  are 
discussed. 


CHAPTER  2 


SOOMB 

INTRODUCTION 

In  linos t every  significant  snowstorm  the  location  and  aoveaent  of  the  SOOmb  low  center 
were  the  nost  important  parameters  needed  for  determining  where  the  snowfall  would  occur.  This 
Chapter  will  discuss  certain  features  of  the  SOOmb  chart  which  can  be  used  to  obtain  early  aware- 
ness of  the  developaent  of  significant  storms.  For  instance,  a developing  low  at  SOOmb  within  a 
trough  over  the  western  U.S.  can  signal  developaent  of  stone  conditions  over  the  Midwest  within 
twenty-four  hours.  The  tera  cyclogenesis  is  used  to  indicate  SOOab  low  foraation.  Often  the  first 
indication  of  cyclogenesis  within  an  upper  trough  appears  at  tFe  500wb  level;  consequently,  nany 
of  the  upper  level  rules  that  appear  throughout  this  technical  note  were  developed  froa  this  level. 
The  presentation  will  show  how  to  deteiaine  the  developaent  and  aoveaent  of  SOOab  low  systeas  in 
order  to  forecast  the  track  that  the  related  surface  low  (likely  to  foia  over  the  Rocky  Mountains) 
will  eventually  take.  The  inforaation  provided  along  with  nuswrical  analyses  and  forecast  data 
can  alert  forecasters  to  foraation  of  an  lapending  storm.  Other  parameters,  such  as  jet  streaa 
positions,  aaxiaua  isotachs,  low  level  aoisture  advection  and  surface  cold  air  advection,  should  be 
examined  before  forecasts  of  major  snowfall  or  hazardous  weather  are  finalized. 

TXM  DEVELOPMENT 

In  many  Midwest  snowstorms,  the  initial  indication  of  a threat  appears  within  a deepening 
SOOab  trough  which  has  moved  inland  over  the  western  United  States  or  the  Gulf  of  Alaska.  As 
discussed  in  Chapter  1 and  shown  in  Figure  la,  the  location  of  cyclogenesis  within  these  tsoughs 
varies  from  system  to  system  and  primarily  depends  on  where  the  jet  streaa  and  aaxiaum  isotach  area 
are  digging  into  the  trough.  There  are  soae  middle  level  features  that  offer  clues  to  probable 
cyclogenesis.  Three  features  at  the  SOOab  level  (height  fall  centers,  cold  air  advection,  am!  weak 
contour/ therma 1 gradients)  arc  easily  identified  and  should  alert  forecasters. 

soomb  height  fali-s 


Considerable  discussion  pertaining  to  SOOmb  height  fall  areas  and  centers  will  be  presented 
throughout  this  report.  Investigation  relating  to  the  movement  of  the  height  fall  center  versus 
the  main  surface  storm  track,  versus  main  low  pressure  developaent  along  stationary  fronts,  and 
versus  the  location  of  heavy  snow  areas  are  the  basis  of  many  subjective  rules  within  this  technical 
note. 


A study  correlation  between  the  moveaent  of  the  SOOab  height  fall  center  track  and  the 
movement  of  the  main  surface  storm  system  track  was  started  during  the  1973-74  winter  and  continued 
over  the  next  two  winter  seasons.  The  study  revealed  that  a strong  relationship  existed  between 
the  height  fall  center  track  and  the  location  of  the  heavy  snowfall  area  within  each  storm  system. 
The  subjective  methods  from  these  investigations  were  then  tried  on  selected  major  Midwestern 
snowstorms  that  occurred  from  1952  to  1970,  with  successful  results  in  nearly  every  case  examined. 

Height  changes  are  plotted  routinely  on  the  NWS  SOOmb  analysis.  Locations  of  height  fall 
areas  and  centers  can  be  conveniently  analyzed  on  the  chart.  Continuity  of  the  fall  center  is  very 
important  and  care  should  be  taken  in  determining  the  center's  position.  Height  fall  centers 
usually  have  good  continuity  of  movement  and  in  nearly  every  instance  the  associated  SOOmb  low  will 
move  reliably  parallel  to  and  north  of  these  centers. 

Weak  contour  and  thermal  gradients  and  cold  air  advection  within  the  trough  in  conjunction 
with  the  associated  height  fall  center  are  good  indicators  of  probable  cyclogenesis.  Figure  4 shows 
a typical  SOOnb  cyclogenesis  pattern  within  a trough.  In  the  many  snowstorm  cases  studies,  SOOmb 
low  development  subsequently  occurred  north  of  the  tighter  contour  and  thermal  gradients  and  the 
height  fall  center  as  indicated  by  the  hatched  area  depicted  in  Figure  4.  The  developing  SOOmb  low 
usually  appears  east  to  southeast  of  this  hatched  area  12  to  24  hours  later,  as  shown  in  Figure  4 , 
because  the  impulse  is  still  moving  southeasterly  within  the  easterly  moving  trough. 

Sometimes  Initial  SOOmb  low  formation  occurs  some  distance  to  the  north  of  this  hatched 
area  within  the  widest  contour  gradient  area;  however,  this  low  will  eventually  dissipate  and  a 
new  low  will  usually  form  Just  to  the  north  of  the  associated  height  fall  center  and  the  tighter 
contour  and  thermal  gradient  area.  An  example  of  this  will  be  covered  in  detail  later  in  this 
chapter  (Figure  12). 


SOON*  LOW  MOVEMENT 

that  are  developing  within  easterly  roving  short  wave  troughs  over  the  western  U.S. 
generally  move  in  a southeast  direction  because  of  cont inued  trough  deepening  and  building  of  the 
lacific  ridge  off  the  coastal  areas  of  Canada  ami  the  IKS.  Southeasterly  Movement  continues  until 
the  low  reaches  the  trough's  bottom.  The  low  then  begins  to  turn  eastward  and,  if  a ridge  is  pre- 
sent or  building  over  the  eastern  ll.S,,  eventually  turns  northeastward.  For  sake  of  brevity,  the 
term,  bottom  out  ',  will  be  used  throughout  the  rest  of  this  report  to  identify  when  the  developing 
low  has  reached  its  lowest  point  within  the  trough,  i.e.,  when  the  low  or  short  wave  feature 
terminates  its  southeasterly  trajectory  and  begins  to  track  east  or  northeast.  For  C.reat  Plains 
snowstorms,  the  ideal  area  for  lows  to  bottom  out  is  over  the  panhandle  region  of  western  and 
northern  Texas  and  central  and  western  Oklahoma  (Figure  Sj. 


Aar  mmstumrd  shift  of  the  r •curvature  track  item  in  Figure  S (a.g.  recurvature  over  the 
Arkansas-northern  Mississippi-western  Tennessee  area)  Mould  likely  Alft  Jhe  surface  store  system 
and  heavy  snowfall  area  eastward  across  Missouri,  central  and  eastern  loua,  Illinois^  Indiana 
and  northward. 


Cue  of  the  best  clues  that  the  lOlhb  lou  has  bottoued  out  uithin  the  trough  is  found  ia  the 
associated  SOOmb  height  fall  center,  usually  located  south  or  southeast  of  the  lou.  Height  fall 
center  continuity  is  an  excellent  indicator  of  shore  the  SOOmb  lou  Mill  eventually  position  itself 
within  the  trough  and  whether  the  low  it  intensifying  or  filling.  Occasionally,  the  height  fall 
center  will  bottom  out  and  turn  eastward  or  show  a trend  to  an  easterly  aoveoent  prior  to  the  low 
turning.  Figure  S depicts  the  typical  SOQab  low/height  falls  relationship  during  the  bottoming  out 
process  over  the  southern  Flaina. 

There  are  occasions  when  the  contour  and  thermal  gradient  patterns  shown  in  Figure  4 will 
persist  throughout  the  atom's  life  (i.e.,  a closed  low  will  never  appear  at  or  above  the  SOOmb 
level).  In  these  occasions,  the  low  develops  from  the  lowest  levels,  upward,  and  a closed  low  wilt 
appear  at  the  7(Kteh  level  rather  than  the  SOflub  level.  This  is  especially  true  when  strong  short 
waves  translate  rapidly  across  the  U.S.  (see  Figure  h).  They  do  not  decelerate  sufficiently  for 
developaent  of  upper  level  cyclogenesis. 

Additionally,  in  fast-aoving  short  waves,  the  recurvature  tracks  do  not  shift  abruptly 
northeastward  as  the  slower-moving  systeas  typified  in  Figure  S.  Instead,  if  bottoalng  out  does 
take  place,  it  is  gradual  and  generally  requires  twice  the  recurvature  distance  shown  in  Figure  S. 
An  excellent  case  is  shown  in  Figure  6.  This  stora  systea  produced  heavy  snowfalls  over  Missouri, 
eastern  and  central  Iowa  and  Illinois  (the  Chicago  stora)  between  12-14  January  1979. 


Figure  6:  lowest  Position  Within  the  Trough 
Fast-Moving  Short  Wave 
12-14  Jan  1979 


Developing  lows  within  a nearly  stationary  long  wave  trough  or  a short  wave  trough  appear- 
ing to  hecoae  a long  wave  feature  due  to  continued  deepening  over  the  western  U.S.  do  not  usually 
follow  the  track  shown  In  Figure  S.  Instead,  these  lows  bottoa  out  within  the  long  wave  trough 
over  areas  of  the  western  U.S.  and  tend  to  reaain  quasi-stat ionary  for  a period  of  tine  ranging 
from  several  hours  to  as  much  as  two  days.  Approach  of  the  next  short  wave  system  from  the  Pacific 
Northwest  moving  southeasterly  toward  the  bottom  of  the  long  wave  will  generally  induce  the  low  to 
move  out  and  follow  a northeasterly  track  up  the  long  wave  trough.  In  many  of  these  long  wave 
patterns,  the  low's  track  will  lie  west  of  the  short  wave  track  over  the  Midwest  as  shown  in 
Figure  S (tee  alto  Figure  10). 
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HI  U HONSHU'  HI  mi  IN  S00M8  t.OW  AN1>  SOOMB  I1IIGIH  1ALUS 


Moderate  height  fulls  of  » IS  (>  ISO  meters)  within  a l.’  hour  period  Indicate  that  cyclu- 
genesis  has  occurred  or  nay  occur  shortly  within  tho  SOOmb  trough.  Often,  the  height  fall  center 
will  appear  hours  ahead  of  actual  SOihxb  cyclogenosla.  Generally,  the  height  fall  center  aovei 
inland  over  the  host  Coast  with  or  slightly  ahead  of  the  trough.  Cyclogenesis  will  appear  to  the 
north  and  usually  within  four  degrees  latitude  of  the  height  fall  center  12  to  24  hours  later, 
figures  7,  S,  and  9 Illustrate  the  relationship  between  SOlhsb  lows  and  height  fall  centers  associated 
with  the  approaching  short  wave  trough  and  during  the  stone's  trek  across  the  Midwest.  The  pres 
sure  and  thermal  analysis  presented  in  each  of  the  illustrations  depicts  the  pattern  of  the  last 
analysis  received  prior  to  low  formation.  Note  the  weak  contour  and  thermal  gradients  and  subset 
ipient  low  develo|HBent  in  each  figure.  The  numerical  value  enclosed  in  parentheses  below  the  height 
fall  center,  depicted  by  (X),  Is  the  largest  height  fall  reported.  from  these  three  examples  it 
can  ipiite  readily  be  seen  that: 

• Height  fall  centers  often  move  rapidly  southeastward  toward  the  base  of  the 
trough  prior  to  and  during  low  development  and  turn  easterly  when  a decrease  or  no  further  increase 
In  the  magnitude  of  height  fall  center  value  occurs.  The  center  will  swing  northeasterly  if  a 
ridge  is  present  over  the  eastern  U.S. 

• The  SOOmb  low  closely  parallels  and  is  always  to  the  left  of  the  track  of  the 
height  fall  center. 

• Though  unrealistic  to  show  in  the  illustrations,  maximum  height  fall  and  low 
centers  are  always  parallel  and  to  the  left  of  the  Jet  stream.  The  height  fall  center  never 
crosses  the  jet. 


The  following  observations  concerning  the  magnitude  of  height  fall  values  are  made  based 
on  four  years  (1972-1976)  of  snowstorm  data: 

• The  magnitude  of  height  fall  central  values  are  usually  at  a maximum  during  the 
period  when  the  related  SOOmb  low  is  in  the  developmental  stage  (which  generally  takes  place  in  the 
western  U.S.). 

• The  magnitude  of  height  fall  centers  usually  remain  unchanged  or  will  decrease 
while  moving  easterly  within  the  bottom  of  the  trough. 

• The  magnitude  of  height  fall  centers  again  Increases  (sometimes  considerably) 
while  moving  northeasterly.  At  this  time  the  surface  system  should  be  approaching  maximum 
intensification. 

Additionally,  in  many  of  the  cases  reviewed,  it  has  been  found  that  the  greatest  distance 
between  centers  (SOOmb  low  and  height  falls)  usually  occurs  during  easterly  movcmreit  through  the 
base  of  tha  trough.  The  distance  between  the  low  and  height  fall  centers  will  diminish  thereafter 
as  they  move  northeastward.  Generally,  the  surface  system  is  approaching  maximum  intensification 
and  is  usually  in  the  occlusion  stage  by  the  time  the  two  centers  make  their  northeastward  turn  and 
begin  to  merge. 
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Figure  8:  8-11  Jan 


Figure  9:  18-20  Dec  197J 

500MB  LOW/HEIGHT  FALLS  CENTER  RELATIONSHIPS 


STEERING  Till-  HEIGHT  FALL  CENTERS 


CAUTION:  The  sequential  height  fall  center  pattern  (increasing,  decreasing  and  then  increasing 
again)  across  the  western  and  central  U.S.  may  not  occur  with  fast -moving  short  wave  systems 
(Figure  6)  even  though  other  features  such  as  those  shown  in  Figure  4 may  exist  throughout  the 
snowfall  period.  Therefore,  in  some  fast  flow  situations,  it  may  he  difficult  to  forecast 
recurvature  using  height  fall  center  values. 


A very  important  consideration  for  steering  the  developing  surface  storm  system  over  the 
Rocky  Mountain  - western  Plains  region  is  the  direction  that  the  height  fall  center  is  expected  to 
take  after  bottoming  out.  No  rules  have  been  developed  to  forecast  height  fall  center  movements; 
however,  the  best  tools  to  examine  are  continuity  on  height  fall  center  movements,  increase/decrease 
in  central  height  fall  values,  and  continuity  on  jet  stream  orientation.  It  has  been  noticed  during 
research  (1972-1976)  that  upper  air  progs  generally  tend  to  forecast  500nb  low  movements  to  the 
east  once  these  systems  have  bottomed  out.  In  actuality,  500mb  lows  frequently  swing  northeastward 
or  northward,  depending  on  the  strength  of  the  developing  system.  Figure  10  shows  typical  height 
fall  center  tracks  associated  with  short  wave  systems  and  short  wave  systems  embedded  within  a long 
wave  trough  over  the  western  U.S.  which  could  produce  significant  snowfall  over  areas  of  the  central 
U.S.  In  Figure  10,  short  wave  systems  move  northeastward  along  a curved  track  due  to  eastward 
trough  movement  and  system  deepening.  Strong  deepening  indicated  by  large  height  falls  would  swing 
the  system  even  further  northward  as  indicated  by  the  dashed  track  in  Figure  10. 


HEIGHT  FALL  CENTER  TRACE  - SHORT  AND  LONG  NAVE 


All  example  of  height  fall  movement 
within  a long  wave  trough  i»  shown  in 
Figure  10  as  the  dotted  track.  These 
centers  usually  hottua  out  over  Arizona 
and  New  Mexico  within  the  long  wave  and 
aove  up  the  trough  as  a short  wavs. 

The  height  fall  center  usually  does  not 
follow  an  actual  curved  track  because 
there  is  little  easterly  auveaent  of 
the  short  wave  systea  due  to  the 
nearly  stationary  long  wave  trough. 

Nhen  the  center  bottoas  out,  it  Bakes 
a rather  abrupt  turn.  Mott  generally, 
after  bottoaing  out,  the  height  fall 
center  will  aove  in  a nearly  straight 
line  towards  the  northeast.  Probably 
tlie  best  Method  to  forecast  aoveaent  of 
the  systea  is  to  project  a straight 
line  path  in  the  direction  of  flow  froa 
the  first  analyzed  height  fall  center 
reported  on  the  SOOab  analysis  subse- 
quent to  bottoaing  out  for  the  aost 
likely  course  of  aoveaent. 


HEIGHT  FALL  CENTER  MOVEMENT  TON  ARDS  THE  SOUTH  OR  SOUTHWEST 


FIGURE  10A 

EXAMPLE  1:  28  FI  R-J  MAR  197? 


EXAMPLE  2:  4 DF.C-7  DEC  1978 


Figures  7,  8 and  9 have  illustrated 
that  height  fall  centers  generally  aove 
southeastward  prior  to  bottoaing  out. 
Occasionally,  height  fall  centers 
aoving  along  a southeasterly  track  will 
abruptly  turn  south  or  southwest.  This 
southerly  turning  indicates  that  the 
systea  is  still  strongly  digging  and, 
consequently,  the  storm's  eastward 
aoveaent  woulJ  be  delayed  by  several 
hours . A^ new  surge  of  cold  air  within 
a short  wave  upstreaa  (soaetiaes 
difficult  to  discern),  along  with 
other  upper  air  changes  can  cause  this 
southward  shift  of  height  fall  centers. 

Figure  10a  and  10b  depict  two  ezaaples 
of  height  fall  center  aoveaents  in  12 
hour  periods.  In  Figure  10a  note  the 
abrupt  shift  southward  as  the  height 
fall  center  dropped  frcas  southern 
Nevada  to  lower  California.  In 
Figure  10b,  the  height  fall  center 
moved  southward  froa  Washington  to 
Arizona  then  shifted  southeastward  to 
northern  Baja.  Note  in  figure  1 Ob  that 
the  SOOab  low  did  not  persist  and  reaain 
nearly  stationary  during  its  short 
life.  The  short  wave  that  entered  the 
Pacific  Northwest  continued  to  deepen 
(Figure  10b)  and  took  on  the  appearance 
of  a long  wave  feature  48  hours  later. 
The  priaary  clue  that  this  trough  systea 
would  not  iaaediately  eject  and  produce 
heavy  snow  over  the  Great  Plains  was 
the  7/002  height  fall  center  (-12) 
which  appeared  southwest  of  the  pre- 
vious center.  Eventually  (4g  hours 
later),  a short  wave  did  eject  and  the 
related  height  fall  center  is  shown 
over  OklahoM.  Forecasters  noting 
these  changes  will  be  a few  hours  ahead 
of  the  later  nuaerical  progs  in  fore- 
casting the  probable  delay  in  the 
expected  stora's  arrival  over  the  Mid- 
west. 
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SOOMB  PATTERNS 


The  SOOmb  trough  patterns  presented  in  this  section  are  included  to 
familiarize  forecasters  with  some  of  the  more  typical  patterns  and  situations  that 
appear  over  the  western  third  of  the  ll.S.  and  are  highly  favorable  for  development 
of  major  snowstoras  over  the  Midwest.  These  patterns  were  selected  froa  actual 
occurrences  of  aajor  Midwestern  snowstoras. 

IEach  upper  air  pattern  exaaple  will  be  shown  in  either  two,  three,  or  four 
parts:  Figures  a,  b,  c,  and  d in  successive  12  or  24  hour  periods.  Plotted  data 
shown  were  extracted  froa  NWS  SOOab  analyses.  Significant  height  fall  areas  are 
analyzed  on  each  analysis  and  are  shown  as  dotted  lines.  The  height  fall  centers, 

I in  12  hour  periods,  are  also  depicted  as  an  X to  show  the  overall  track  during  the 

stora's  progression  across  the  central  U.S.  An  arrow  is  added  to  indicate  the 
direction  that  the  SOOab  low  (and  height  fall  center)  took  during  the  next  12  - 24 
hours.  In  those  figures  where  cyclogenesis  looks  favorable,  a hatched  area  has  been 
included  to  indicate  the  probable  low  formation  area  using  the  subjective  rules 
discussed  earlier. 


SHORT  WAVE  LOW  DEVELOPMENT 


Cyclogenesis  occurs  most  often  within  short  wave  systems  moving  across  the 
western  U.S.  and  are  responsible  for  many  of  the  snowstorms  over  large  areas  of  the 
Midwest.  To  further  identify  short  wave  low  development,  this  section  has  been 
divided  into  two  parts:  Cyclogenesis  over  the  Western  U.S.  (earlv  warning)  and 
cyclogenesis  over  the  Rockies  (little  warning). 

Cyclogenesis  over  the  Western  U.S.  This  pattern  is  perhaps  the  least 
diffici^lt  in  which  to  torecast  a potential  Midwestern  snowstorm.  I.ow  development  is 
early  and  the  upper  low  system  is  usually  well  organized  by  the  time  it  reaches  the 
Rockies. 

Example  1 - Figure  11  depicts  a typical  pattern.  Earlier  in  Figure 
7,  the  tracks  of  the  SOOmb  low  and  height  fall  centers  for  this  pattern  were 
presented.  In  Figure  11a,  indications  of  potential  cyclogenesis  arc  evident  in  the 
weak  contour  and  thermal  gradients  over  the  northern  Cal i fornia-Nevada  area  and 
northward.  Note  the  closed  -J0°C  isotherm  within  the  weak  contour  gradient  area. 

An  80  knot  max  wind  area  has  entered  the  trough's  bottom  over  southern  California 
and  Nevada.  Cyclogenesis  should  develop  over  central  California  and  western  Nevada 
within  the  hatched  area  shown  in  Figure  11a  and  the  low  should  appear  southeast  of 
the  hatched  area  within  12-24  hours.  In  Figure  lib,  24  hours  later,  a closed  low 
appears  over  northeastern  Arizona  as  the  height  fall  center  continues  southeastward 
towards  its  lowest  position  within  the  trough.  The  low  bottomed  out  near  Lubbock, 
Texas  (IBB),  and  turned  northeasterly  towards  Missouri  as  indicated  by  the  height 
fall  centers  in  Figure  7.  The  surface  system  intensified  rapidly  over  Missouri  and 
became  a major  snowstorm. 

Example  2 - This  example  is  similiar  to  the  example  just  shown;  the 
main  reason  for  presenting  this  case  is  the  eventual  placement  of  the  SOOmb  low  with- 
in the  short  wave  trough.  In  Figure  12a,  a Pacific  trough  is  moving  cast  at  55  knots. 
A strong  cold  air  trough  with  a - 50°C  closed  isotherm  is  located  over  the  Pacific 
Northwest  and  weak  contour  gradient  is  present  over  northern  California,  and  the 
Oregon-Washington  area.  The  height  fall  center  ( ? -IS)  is  moving  southeast  and  is 
centered  over  southern  Nevada  north  of  the  tighter  contour  gradient.  At  the  300mb 
level  (not  shown),  a 110  knot  Jet  max  has  entered  the  trough's  bottom  over  the  area  of 
northern  Baja,  California  to  southern  Arizona. 

In  Figure  12b,  12  hours  later,  a closed  low  appears  over  Idaho  as 
the  trough  slows  down  to  20  knots.  Note  that  the  - 50°C  closed  pocket  is  still 
persisting,  has  moved  southeasterly  to  lower  Novada-Utah,  and  is  not  confined  to  the 
low.  Woak  contour  gradient  and  cold  air  advection  indicate  that  the  low  should  be 
over  this  area  and  not  over  Idaho.  The  height  fall  center  ( Z -IS)  is  continuing 
southeast  at  20  knots  over  central  Arizona.  There  is  strong  evidence  now  that 
cyclogenesis  should  occur  over  the  southern  Utah  - northern  Arizona  as  indicated  by 
the  hatched  area  in  Figure  12b. 
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Figure  12c:  122  20  Jen  73 


EXAMPLE  2 - SHORT  WAVE  CYCLOCENESIS 


In  Figure  12c,  the  low  over  Idaho  has  dissipated  and  a n;w  low  has 
developed  over  northern  Arizona.  The  cold  pocket  has  intensified  to  -3S°C.  The 
height  fall  center  has  filled  slightly  as  it  approaches  its  lowest  position  in  the 
vicinity  of  Midland,  Texas  (MAT).  The  300mb  maximum  isotach  area  (not  shown)  has 
intensified  to  130  knots  and  is  moving  into  the  southeast  quadrant  of  the  low.  The 
12-hour  height  falls  continuity  is  shown  and  illustrates  where  the  system  bottomed 
out.  The  SOOmb  low  bottomed  out  approximately  12  hours  later  than  the  height  fall 
center.  This  system  continued  easterly  and  snow,  freezing  precipitation,  rain  and 
thunderstorms  developed  over  the  Midwest  within  12  hours.  By  00002,  January  22, 
the  500mb  low  was  located  over  northeastern  Oklahoma  with  a 989mb  surface  low  over 
southern  Missouri.  Moderate  to  heavy  snowfall  accompanied  this  storm  over  the 
central  and  upper  Plains  states. 

From  these  two  examples,  it  can  be  seen  that  the  warning  time  for  a potential 
Midwest  snowstorm  increases  when  cyclogenesis  develops  early  within  a short  wave 
trough.  Of  course,  any  area  west  of  the  Rockies  can  produce  cyclogencsi s ; however, 
the  development  area  that  should  be  of  utmost  concern  is  right  at  our  doorstep  - the 
Rocky  Mountain  area. 


Cycloger.esis  over  the  Rocky  Mountains.  Cyclogenesis  within  a deepening 
short  wave  trough  over  areas  of  the  Rocky  Mountains  may  breed  a rapid,  intense  storm 
system  over  the  western  plains  in  a matter  of  a few  hours.  Storm  development  will 
often  occur  between  receipt  of  the  OOOOZ  and  1200Z  SOOmb  Fax  analyses.  It  is 
imperative,  then,  to  watch  foT  SOOmb  cyclogenesis  which  will  be  evident  by  deterior- 
ating surface  weather  in  the  area  of  the  approaching  trough.  The  patterns  that  will 
be  shown  are  similar  to  the  patterns  just  presented;  the  only  difference  is  the 
location  of  development. 


Figure  I]*!  007  9 J»n  1975 

EXAMPLE  1 - SHORT  WAVE  CYCLOCENESIS,  ROCKY  MOUNTAINS 


Example  1 - Figure  ISa  shows  continued  deepening  that  is  occurring 
in  a previously  tonal  flow  pattern.  Early  signs  of  tonal  flow  deepening  are  cold 
air  advection  and  a moderate  to  strong  height  fall  center.  (This  case  study  was 
presented  earlier  in  Figure  8.)  In  Figure  13a,  these  two  parameters  are  occurring. 
The  contour  gradient  is  loosening  but  still  is  not  favorable  for  identification  of 
low  formation.  A band  of  7S  knot  winds  over  lower  California  indicates  that  the 
jet  is  moving  into  the  trough’s  bottom. 

Figure  13b,  12  hours  later,  reveals  that  the  trough  has  deepened  as 
it  continues  eastward.  A weak  contour  and  thermal  gradient  has  become  established 
over  the  Idaho-Utah  area.  The  height  fall  center  continues  southeastward  at 
approximately  24  knots  and  is  over  eastern  Arizona.  All  three  parameters  are 
occurring  together;  consequently,  cyclogenesis  should  soon  develop  within  the 
hatched  area  as  shown  in  Figure  13b.  A strong  wind  belt  (90  knots)  is  moving  east- 
ward across  central  Arizona  and  New  Mexico. 

Twelve  hours  later,  in  Figure  13c,  a closed  low  appeared  over 
northern  New  Mexico.  The  height  fall  center  has  filled  and  is  gradually  bottoming 
out  over  southern  New  Mexico.  The  low  turned  abruptly  northeastward  towards 
central  Kansas  and  a strong  height  fall  center  of  — 24  was  located  over  central 
Missouri  by  00Z,  January  11.  This  particular  storm  system  produced  a blizzard  over 
the  central  and  upper  plains  states,  as  will  be  shown  in  Chapter  6. 
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Example  2 - Another  example  of  cyclogenesis  over  the  Rockies,  in 
this  case,  the  southern  Rockies,  is  shown  in  figure  14.  tn  figure  14a,  a strong 
height  fall  center  1—20)  is  moving  rapidly  southeast  at  S2  knots.  Weak  contour 
and  thermal  gradients  are  occurring  over  nearly  all  of  Arizona.  Cold  air  advection 
including  a closed  -3S°C  pocket  is  evident  within  the  trough.  The  low  should 

center  within  the  hatched  area  shown. 


develop  above  the  height  fall 


Figure  14b:  12Z  21  Feb  1974 


EXAMPLE  2 - SHORT  RAVE  OYCLOTENESIS,  ROCKY  MOUNTAINS 


In  Figure  14h,  24  hours  later  the  closcil  low  has  developed  and 
appears  over  west  Texas.  The  height  fall  center  decreased  (— 12)  as  it  bottomed 
out.  Shortly  thereafter,  the  center  shifted  northeastward  to  northern  Arkansas  and 
Increased  to  -15.  The  entire  system  turned  northeasterly  towards  eastern  Kansas 
within  12  hours  and  became  a major  snowstorm. 


LONG  WAVE  LOW  DEVELOPMENT 


Cyclogenesis  within  long  wave  troughs  follow  the  same  subjective  rules  that 
have  been  presented  so  far.  The  major  forecasting  problem  lies  in  steering  the 
sometimes  erratic  movements  of  these  lows  once  they  develop.  As  has  been  mentioned 
earlier,  short  wave  trough  systems,  independent  of  long  waves,  generally  move  east- 
ward. On  the  other  hand,  following  short  wave  height  fall  areas  within  a station- 
ary long  wave  trough  can  become  frustruating  for  forecasters.  It  isn’t  uncommon 
to  observe  a series  of  weak  height  fall  areas  ( J -10)  moving  northeasterly  up  the 
long  wave  trough  before  the  main  short  wave  kicks  out.  Also,  height  fall  areas 
associated  with  minor  short  waves  moving  southward  behind  a closed  low  system 
within  a long  wave  trough  will  often  alter  the  low's  movement.  These  tricky  height 
fall  movements  should  not  be  overlooked,  especially  when  a SOOmb  low  has  organized 
over  the  western.  U.S.  and  the  situation  looks  favorable  for  storm  development  over 
the  Midwest. 

Frequently,  developing  upper  low  systems  within  long  wave  troughs  initially 
appear  as  short  waves  moving  southward  from  the  Gulf  of  Alaska  - western  Canada 
area.  The  Pacific  ridge  is  usually  pronounced,  extending  northward  into  Alaska. 
Short  waves  moving  over  the  ridge  plunge  rapidly  southward,  deepen,  and  finally 
settle  into  the  bottom  of  the  long  wave  as  an  organized  low.  Figures  IS  and  16 
show  two  such  patterns.  Long  wave  troughs  present  over  the  central  and/or  western 
U.S.  frequently  retrograde  as  a new  short  wave  system  moves  down  the  westward  side 
of  the  trough. 

Sometimes  the  Pacific  ridge  will  extend  further  inland  over  Western  Canada 
(long  wave  over  the  central  U.S.)  and  short  wave  impulses  will  shift  eastward 
moving  across  the  northern  Rockies  and  bottom  out  across  the  central  and/or  upper 
Midwest.  Under  a normal  surface  pattern,  a surface  low  would  be  expected  to 
develop  over  the  northern  Rockies  and  to  produce  snowfall  across  the  upper  Midwest 
as  it  moves  towards  the  Great  Lakes.  Conversely,  if  the  majority  of  the  Midwest 
is  under  the  dominance  of  a cold  polar  airmass  and  the  same  upper  air  pattern 
described  above  exists,  considerable  snowfall  can  occur  over  large  areas  of  the 
central  and  upper  Midwest  as  the  short  wave  moves  across  the  top  of  the  cold  dome. 
This  pattern  will  be  discussed  further  in  Chapter  4.  Low  level  residual  and 
subsequent  widespread  overrunning  over  the  central  U.S.  often  accompanies  these 
upper  air  patterns.  See  3WWg  Tech  Note  76-1. 


CYCLOGENESIS  OVER  THE  WESTERN  U.  S. 


Example  1 - Figure  15A  shows  two  short  wave  troughs  within  a long  wave 
trough.  A weak  short  wave  and  associated  height  fall  area  lies  across  Nevada  and 
southern  California.  A second  short  wave  extends  southwestward  across  the  Pacific 
Ocean  from  the  weak  contour/thermal  gradient  off  the  coastal  areas  of  Washington 
and  Oregon.  Weak  contour  and  thermal  gradients  are  noted  with  each  short  wave  and 
cyclogenesis  could  develop  in  the  vicinity  of  the  areas  in  Figure  ISA.  The  most 
favorable  area  for  eyclogenesisis  within  the  deepening  Pacific  short  wave  (hatched 
area);  the  short  wave  over  Nevada  lacks  good  cold  air  advection  and,  consequently, 
should  weaken  as  it  moves  up  the  long  wave  trough.  A height  falls  area  associated 
with  the  approaching  Pacific  trough  lies  somewhere  within  this  area  of  sparse  data 
A strong  northerly  cold  flow  behind  the  trough  extends  northward  into  Alaska. 

This  cold  air  advection  is  our  best  indication  that  the  Pacific  short  wave  bears 
watching. 


In  lljure  ISb.  12  hour* 
later,  a lee  appear*  elthln 
the  era!  contour  grad lent 
off  the  northern  California 
coaat.  A closed  •JS“f  cold 
pocket  appear*  elthln  the 
trough.  A heigh!  fall* 
area  appear*  to  tie  located 
south  of  the  developing  loe 
and  la  beginning  to  enter 
the  central  California 
coaat.  The  l*aclflr  ridge 
ha*  becoae  more  pronounced 
mini  a closed  high  ha* 
developed.  The  weak  abort 


figure  ISa:  IZZ 


Unlike  the  to*  novenent  In  Figure  sequence  15,  the  low  will 
normally  continue  to  *>ove  aout heaat ward  and  eventually 
settle  within  the  long  wave  trough  over  areaa  of  lower 
California-northern  Baja,  California  and  Mexico.  These 
(popularly  called  the  Baja  low  becauac  of  ita  general  loca- 
tion) can  remain  quasi-stat  ionary  for  day  a before  finally 
moving.  Minor  short  wavea  aometlmea  will  kick  out  of  theae 
systems  ami  move  across  the  Midwest  producing  short  periods 
of  snowfall.  Often  a strong  short  wave  impulse  approaching 
from  the  northwest,  which  has  eroded  the  Pacific  ridge,  or 
a deepening  short  wave  moving  east  across  southern  Canada 
and  the  northern  Midwest  will  be  mechanism  that  sets  the 
"Baja"  low  In  notion  and  causes  it  to  move  northeastward 
across  the  southern  and  central  Rockies.  The  tow  fills,  ami 
frequently  loses  its  closed  contour  ami  thermal  circulation 
features  as  It  moves  northeast  up  the  long  wave  trough.  The 
breakdown  of  the  closed  circulation  doesn't  mean  that  the 
system  is  dissipating.  Usually  the  related  surface  low 
system  Is  in  the  process  of  attaining  maximum  development, 
example  2 that  follows  is  an  excellent  case  of  stationary 
closed  low  within  a long  wave  trough  that  suddenly  moved 
out  and  produced  heavy  snowfalls  over  a large  area  of  the 
southern  Rockies  ami  the  Midwest. 


Figure  ISc:  I2Z  .1  Mar  l»7h 


siiwt  raw:  nrciMXNFSis  within  umh;  navi; 


Figure  16a:  OOZ  1 Jan  1975 
EXAMPLE  2 - SHORT  WAVE  CYCLOGF.NESIS  WITHIN  LONC  WAVE 


Example  2 - In  Figure  16a,  a stationary  closed  low  is  located  over 
northern  Baja,  California.  No  significant  height  fall  area  has  developed,  thus 
indicating  there  should  he  little  movement  of  the  system.  This  low  system  developed 
very  similarly  to  the  preceding  example,but  continued  southward  and  settled  over 
the  areas  shown  in  Figure  16a.  Height  I all  movements  south  and/or  southwest  of 
these  lows  are  excellent  indicators  that  the  lows  will  continue  moving  southeastward 
toward  the  bottom  of  the  long  wave  troughs.  The  overall  jet  stream  pattern  associ- 
ated with  these  systems  shown  in  Figures  15  and  16  are  aligned  north-south  along 
and/or  off  the  West  Coast,  curving  easterly  into  the  trough's  bottom  over  lower 
California  and  northern  Baja,  and  then  turning  northeasterly  across  the  Midwest. 


Figure  16b : OOZ  2 Jan  1975 
F.XAMPl.F.  2 - SHORT  WAVF  CYCl.OCF.NliSIS  WITHIN  I.ONC  WAVF 


Twenty- four  hours  later  (Figure  16b),  the  "Baja"  low  moved 
northeast  into  Arizona.  No  significant  height  falls  arc  accompanying  the  low;however, 
moderate  height  falls  over  Idaho  ahead  of  a new  short  wave  impulse  probably  influenced 
the  "Baja"  low  to  start  moving  north.  At  the  surface,  snow  is  developing  over  areas 
of  eastern  Arizona  and  western  New  Mexico. 
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Figure  16c:  OOZ  3 Jan  1975 


SHORT  WAVF.  CYCLOGF.NKSIS  WITHIN  LONG  WAVF. 


In  Figure  16c,  24  hours  later,  the  low  has  noticeably  intensified 
and  moved  rapidly  northeastward  at  40  knots  to  Nebraska.  A large 
area  of  moderate-to-heavy  snow  has  spread  rapidly  across  the  central 
and  northern  sections  of  the  Midwest.  The  short  wave,  previously 
located  over  Idaho  has  split,  with  the  northern  portion  moving 
easterly  and  merging  with  the  Nebraska  low.  The  lower  half  of  the 
short  wave  impulse,  caught  in  the  long  wave's  strong  northerly  flow, 
moved  southward  and  reached  its  lowest  position  over  Arizona.  Note 
that  cyclogenesis  has  appeared  within  the  trough  over  Arizona. 


Figure  17a : 12Z  30  Dec  1975 


Figure  17b:  007.  31  Dec  1975 


EXAMPLE  3 - SHORT  HAVE  CYCLOGENESIS  WITHIN  LONG  WAVE 


Example  3 - This  example  is  presented  to  show  that  a short 
wave  impulse>  moving  southward  on  the  backside  of  the  developing  low,  can  shift 
the  height  fall  center  southwestward.  This,  in  turn,  causes  the  low  to  move 
with  a southerly  rather  than  an  easterly  component.  ' The  low  eventually  turnnd 
northeastward  towards  the  upper  Midwest  and  produced  heavy  snowfalls  over  the 
northern  Rockies  and  the  upper  Plains. 

In  Figure  17a,  the  mean  long  wave  trough  lies  NE-SN  across 
the  Midwest.  An  intense  short  wave  impulse  with  a -30  height  fall  center  over 
Boise,  Idaho  (BOI),  is  moving  rapidly  southeastward.  A strong  jet  stream, 
evidented  by  a 100  knot  jet  at  SOOrnb,  is  moving  easterly  across  southern  Oregon 
and  northern  Nevada.  Good  cold  air  advection  with  a -35°C  closed  pocket  is 
located  within  the  trough.  Low  formation  should  occur  within  the  hatched  area 
indicated  in  Figure  17a. 

Twelve  hours  later  (Figure  17b),  the  low  did  not  appear 
within  the  forecast  area;  instead  it  developed  further  to  the  north  over 
Montana.  The  strong  height  fall  area,  however,  continues  southeast  with  the 
center  oter  Ely,  Nevada  (ELY).  The  height  fall  area  extends  over  a large 
region,  indicating  continued  strong  cyclogenesis.  All  the  parameters  ideal  for 
low  placement  (cold  air  advection,  weak  contour  and  thermal  gradient,  and  a 
height  fall  center)  point  to  the  low's  position  over  the  northern  sections 
of  either  Nevada  or  Utah  (hatched  area)  and  not  Montana. 
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Figure  17d:  00 Z 1 Jan  1976 


Figure  17c:  12Z  31  Dec  1975 


EXAMPLE  3 - SHORT  WAVE  CYCLOCENESIS  WITHIN  LONG  WAVE 


In  Figure  17c,  12  hours  later,  the  Montana  low  has  dropped 
south  to  the  Salt  Lake  City,  Utah  (SLC) , area  and  appears  within  the  hatched  area 
shown  in  Figure  17b.  The  height  fall  area  continues  southeastward  with  the 
center  located  over  Winslow,  Arizona  (INW).  Note  the  large  elongated  height 
falls  aTea  across  the  southwest  U.S.  which  also  extends  over  the  Pacific  Ocean. 

There  is  another  short  wave  impulse  orientated  E-W  across  northern  California  and 
paralleling  40°N  ovS'r  the  Pacific.  A strong  E-W  cold  air  trough  is  also  evident 
north  of  40°N.  The  elongated  height  fall  area  coupled  with  cold  air  advection  and 
a jet  maximum  isotach  area  indicates  that  a new  surge  of  cold  air,  represented  by 
the  short  wave,  is  moving  towards  the  base  of  the  long  wave.  This  is  an  important 
factor  in  the  subsequent  movement  of  the  height  fall  center  and  low  movement  during 
the  next  12  hours. 


In  Figure  17d,  12  hours  later,  the  low  has  continued  to  drop 
southward  over  southern  Utah.  The  various  available  facsimile  products  failed  to 
properly  forecast  this  movement.  The  height  fall  center  has  shifted  southwestward 
towards  lower  California  (-14)  and  a weaker  center  is  over  the  Nebraska  panhandle. 
The  impulse  moving  down  the  West  Coast  has  apparently  reached  its  lowest  position. 
At  this  point,  Midwestern  forecasters  might  have  expected  the  low  to  move  easterly 
and  produce  a major  snowstorm  over  the  Rockies.  The  height  falls  shifted  south- 
westward  and,  consdquently , further  southward  movement  of  the  low  eliminated  that 
possibility  for  the  present  time.  The  low  did,  however,  bottom  out  ewer  southern 
Utah,  shifted  northeastward  and  was  centered  over  western  Nebraska  within  24  hours. 
Note  that  the  low  eventually  moved  towards  the  small  -10  height  falls  center  over 
western  Nebraska.  The  height  fall  center  over  lower  California  decreased  over 
the  next  12  hours.  Heavy  snowfall  occurred  over  the  northern  Rockies,  western 
Nebraska,  and  a majority  of  North  and  South  Dakota. 


CYCIOCENF.SIS  OVER  THE  ROCKIES 


The  case  shown  in  Figure  18  developed  rapidly  over  western  Kansas.  It  was 
a small  but  intense  storm  system.  The  intent  in  presenting  this  particular 
case  is  to  highlight  the  development  of  an  upper  low  over  the  Rockies  within 
a long  wave  trough.  In  this  example,  a deepening  long  wave  trough  had  been 
moving  slowly  eastward  for  two  days.  The  associated  height  fall  center 
bottomed  out  over  New  Mexico  and  decreased  as  it  moved  towards  the  western 
plains,  dust  12  hours  later,  Figure  18a,  a new  height  fall  area  appeared 
over  the  New  Mexico  - Texas  panhandle  area  apparently  due  to  a short  wave 
impulse  embedded  within  the  long  wave  which  began  to  deepen  when  cold  air  ad- 
vection  moved  across  New  Mexico.  I.ow  development  looks  favorable  over  northern 
New  Mexico  and/or  eastern  Colorado.  In  this  example,  the  hatched  area  is  west 
of  the  height  fall  center  (which  is  the  standard  low/height  falls  agreeswnt 
while  moving  up  the  long  wave  trough!.  A weak  contour  gradient  does  exist 
over  the  central  Rockies;  however,  there  is  not  a significant  weak  thermal 
gradient.  Cold  air  advectton  should  deepen  the  system. 


Figure  18b:  OOZ  30  Mar  1976 

SHORT  WAVE  CYCLOGF.NESI  S WITHIN  LONG  WAVE  - ROCKY  MOUNTAINS 


In  Figure  18b,  12  hours  later,  a closed  low  appears  over  Kansas.  The 
short  wave  low  is  moving  northeast  towards  Omaha,  Nebraska,  while  the  main 
long  wave  trough  axis  lies  west  of  the  Rockies.  The  low  moved  in  a straight 
line  from  Kansas  across  northwestern  Iowa  to  central  Wisconsin  in  24  hours. 

This  is  another  example  when  short  wave  lows  move  in  a nearly  straight 
line  when  moving  up  a long  wave  trough. 


500MB  TRACKS  OF  MAJOR  SNOWSTORMS 


• 

The  paths  of  selected  SOOmb  lows  which  produced  significant  snowfall  over 
areas  of  the  Midwest  during  the  past  4 years  are  shown  in  Figures  19  and  20. 

It  can  be  seen  that  low  formation  occurs  primarily  within  troughs  west  of  the 

• 

Rockies.  Figure  19  shows  the  path  of  SOOmb  short  wave  lows;  Figure  20  depicts 

( 
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SOOmb  low  movements  within  long  wave  troughs.  It  is  interesting  to  note 
that  lows  moving  out  of  long  waves  are  usually  found  to  track  further  north 
(as  they  cross  the  plains)  than  the  short  wave  lows  shown  in  Figure  19. 

This  feature  along  should  alert  upper  Midwest  forecasters  to  be  constantly 
on  the  alert  for  lows  moving  out  of  long  wave  troughs. 


Figure  19:  SHORT  WAVE  1.0K  TRACKS,  I Figure  20:  SHORT  WAVE  l.OW  TRACKS  WITHIN 

1972  • 1976  I LONG  WAVE  TROUGHS,  1972-1976 


Summit  ry 

Throughout  this  chapter,  the  primary  emphasis  has  been  upon  the  develop- 
ment of  a low  pressure  circulation  and  the  related  long  and  short  wave  trough 
actions  at  the  SOOmb  level.  In  the  process,  identification  of  parameters  con- 
ducive to  cyclogenesis  was  made.  Three  main  properties  were  found  to  be  related 
to  the  process  of  SOOmb  low  development:  cold  air  advection,  decreasing  contour 
gradient  (troughing  action),  and  height  falls.  From  examination  of  these  com- 
bined properties,  it  was  possible  to  determine  the  area  most  favorable  for  this 
cyclogenesis  process.  Thereafter,  correlation  of  height  fall  tendency  to  that 
of  the  newly  formed  SOOmb  low  and,  likewise,  their  related  movement  was  presented. 
Finally,  several  examples  of  SOOmb  patterns  and  situations  that  occurred  over 
the  western  U.S.  and  that  resulted  in  or  contributed  to  major  storm  development 
were  shown  and  discussed. 


Forecasters  are  again  reminded  that  there  are  situations  when  cyclogenesis 
occur*  much  closer  to  the  Midwest.  The  development  of  these  storms  can  be 
quite  difficult  to  identify,  and  the  subsequent  course  and  consequences  of  such 
storms  are  hard  to  forecast.  It  is  not  at  all  rare  for  a storm  to  develop  over 
the  Colorado/New  Mexico  area  and  then  have  it  move  into  the  Great  Plains  during 
the  time  period  between  receipt  of  the  0000Z  and  12002  SOOmb  facsimile  analyses. 
Thus,  it  is  imperative  to  watch  for  evidence  of  cyclogenesis  (i.e.  deteriorating 
surface  conditions)  in  the  area  of  an  approaching  disturbance.  With  this  in 
mind,  let's  look  at,  first,  the  850mb  level  and,  then,  the  surface. 
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CHAPTER  ' 
8 5(1  MR 


INTRODUCTION 


This  chapter  will  tale  a brief  lool  at  the  850mb  level.  As  the  lee- 
side  trough  off  the  Rocky  Mountains  is  significant  to  the  development  ot 
storms  that  occur  in  the  Plains  and  Midwestern  states,  examples  of  related 
circumstances  at  SSOmb  are  presented.  In  the  process,  low  development  and 
movement  at  this  level  are  shown.  Thereafter,  the  relationship  of  the  SSOmb 
low  to  the  main  surface  low  is  discussed.  The  low-level  jet  and  related 
moisture  found  at  or  near  SSOmb  has  been  omitted,  as  such  information  has 
been  published  as  a separate  volume  (JNK  Tech  Note  76-1,  1 Aug  76,  Low 
Level  Moisture  Advection.) 


lee-side  LOW 


Lee-side  trough  development  over  the  arcus  of  eastern  Wyoming,  Colorado 
and  New  Mexico,  western  Nebraska,  Kansas  and  Oklahoma  and  the  Texas  panhan- 
dle commonly  occurs  when  migratory  highs  recede  (move  east)  from  the  Midwest. 

The  warmer,  southerly  flow  induces  the  formation  of  small  weak  surface  lows 

east  of  the  Rockies.  During  the  winter  months,  stationary  suTface  fronts  [ 

and  lows  separating  cP  air  from  mP  air  are  frequently  present  along  the 

lee-side  trough.  I.ee-side  lows  seldom  appear  at  the  8S0mb  level;  normally  j 

a weak  contour  graJient  will  exist.  However,  particular  attention  should 
be  given  when  a 8S0mh  low  does  appear  within  the  8S0mb  lee-side  trough. 

Frequently,  this  850mh  low  development  is  a warning  of  an  approaching  upper  J 

low  or  that  cvclogenesis  is  occurring  within  an  upper  trough.  Lee-side 
SSOmb  low  development  is  not  likely  to  be  significant  when  the  Midwest,  in- 
cluding areas  east  of  the  Rockies,  is  under  the  dominance  of  a polar  airmass. 


TTP1CA1.  DEVELOPMENT  OF  LEE-SIDE  SSOMB  LOW 

Figures  21  and  22,  a and  b,  show  typical  development  of  «i  8S0mh  low 
within  the  lee-side  trough  in  relation  to  an  approaching  SOOrab  trough/low. 

In  Figure  2la,  note  the  wide  contour  gradient  trough  over  Wyoming  and  Colo- 
rado. The  500mb  low  is  indicated  as  being  over  northeastern  Nevada;  how- 
ever, no  associated  850mb  low  is  present.  At  this  same  time  at  the  surface 
(now  shown)  there  were  two  low  centers  on  the  mP  cold  front  in  western  South 
Dakota  and  southern  Utah  with  a third  low  (the  lee-side  low  commonly  referred 
to  as  the  Colorado  low  located  in  eastern  Colorado) . By  twelve  hours  later, 
as  shown  in  Figure  21b  a closed  low  has  developed  at  8S0mb  over  eastern 
Colorado  within  the  warm  tongue  or  thermal  ridge.  The  500mb  low  has  moved 
southeastward.  During  the  next  twelve  hours  (not  shown),  the  Colorado  low 
moved  to  the  Lubbock  (LBB),  Texas,  area  and  became  associated  with  the  upper 
low  which  had  moved  into  central  New  Mexico.  The  two  surface  lows  on  the 
mP  frontal  boundary  either  dissipated  or  merged  with  the  lee-side  low. 

Another  example  of  lee-side  trough  development  is  shown  in  Figure  22a. 
This  figure  is  used  to  bring  out  another  point.  Note  the  two  lows  along 
the  northern  U.S.  border.  Neither  of  these  lows  it,  the  main  surface  feature 
to  watch  (for  storm  development)  when  SOOmb  cyclogenesis  is  occurring  over 
the  central  and  southern  portions  of  the  western  U.S.  Similar  lows  are 
often  located  along  the  stationary  arctic  front  or  are  the  dissipating  lows 
at  the  top  of  an  approcahing  mP  cold/occ luded  front  from  the  Pacific  North- 
west. These  lows,  located  north  of  the  intensifying  lee-side  low,  usually 
dissipate  and  are  replaced  by  colder  air.  By  twelve  hours  later,  in  Figure 
22b,  a closed  850mb  low  has  appeared  over  eastern  Colorado,  while  the  two 
lows  along  the  border  have  dissipated.  The  500mh  low  has  begun  to  develop 
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Developing  lows  within  short  waves  at  SOQmb  over  the  western  U.S. 
otten  Jo  not  have  an  associated  8S0mb  low,  since  development  is  occurring 
first  at  the  higher  levels  and  then  downward,  Eventually,  the  850mb  low 
does  appear.  In  most  occurrences,  the  low  will  move  into  or  develop  within 
the  lee-side  trough. 

Developed  upper  lows  which  move  in  from  the  Pacific  or  the  Gulf  of 
Alaska,  as  a general  rule,  already  have  vertical  support  to  the  surface; 
therefore,  an  associated  SSOmb  low  over  the  western  U.S.  should  be  consid- 
ered as  the  main  low.  If  the  upper  system  is  moving  southeasterly  towards 
the  southern  Plains  (bottoming  out)  the  associated  SSOmb  low  will  likely 


8 SOM 8 LOW  IS  RELATION'  TO  THE  SURFACE  LOW 


As  previously  mentioned,  it  is  not  uncommon  to  find  two  or  more  lows 
on  the  surface  chart  over  the  western  U.S.  (in  addition  to  the  lee-side  low) 
during  the  development  of  an  upper  low.  There  is  often  a low  and/oT  wave 
along  the  approaching  mP  celd/occ luded  front.  As  stated  earlier,  these 
lows  will  either  dissipate  or  merge  into  the  lee-side  low  as  the  entire  sys- 
tem organ  ires  over  the  western  plains.  Figures  23  and  24  show  mP  cold  fronts 
and  lows  and  SSOmb  low  positions  during  the  initial  stages  of  development 
over  the  Midwest.  The  main  purpose  of  these  two  selected  figure  sequences 
is  to  insure  that  the  right  surface  low  and  potential  areas  of  surface  cyclo- 
genesis are  followed  in  relation  to  the  8S0mb  low.  Timing  of  a deepening 
storm  system  could  be  many  hours  off,  if  the  wrong  surface  low  is  tracked. 


SSOmb  Chart 


Figure  23b:  00Z  10  Jan  197S 


SSOMB  LOW  IN  RELATION  TO  THE  SURFACE  LOK 


There  are  occasions  when  the  mP  cold  front  will  become  stationary  over 
the  central  and  western  plains  when  the  related  upper  trough  slows  down 
while  undergoing  cyclogcncsis  over  the  western  U.S.  During  this  period,  two 
or  more  frontal  lows  will  appear  and  move  up  the  front.  Identification  of 
the  main  frontal  low  can  be  made  by  following  the  8S0mb  low.  Figures  23a 
and  23b  show  such  a setup.  In  Figure  23a,  two  waves/lows  appear  along  an 
mP  front  over  the  central  plains.  The  question  arises  as  to  which  frontal 
low  is  the  main  low.  A quick  check  at  the  SSOmb  level  (Figure  23b)  shows 


that  the  Texas  wave/low  should  become  the  main  low.  Within  12  hours,  the 
surface  low  over  eastern  Kansas  dissipated  and  the  Texas  low  had  moved  north- 
easterly and  (several  hours  after  snow  had  heen  forecast  for  the  central 
plains),  became  an  intense  storm  over  the  central  and  upper  plains  and  much 
of  the  western  Great  Lakes  region. 


Surface  Chart 

Figure  24a:  12Z  12  Pec  1972 


85Qmb  Chart 

Figure  24b:  12Z  12  Dec  1972 


850MB  LOW  IN  RELATION  TO  THE  SURFACE  LOW 


Figure  24  illustrates  a situation  where  a disorganized  surface  pattern 
exists  over  the  central  U.S.,  as  a SOOmb  low  approaches  the  western  plains 
from  Colorado.  Cold  frontogenesis  (previously  a lost  front  in  the  Rocky 
Mountains)  is  occurring  over  the  central  Midwest  with  a surface  low  in  the 
vicinity  of  Amarillo  (AMA) , Texas.  In  Figure  24b,  the  850mb  low  is  already 
located  in  eastern  Kansas  well  ahead  of  both  the  surface  and  500mb  lows. 
Three  hours  later,  the  Texas  low  dissipated  as  colder  air  moved  in  and  a 
nw  low  formed  along  the  fTont  in  northern  Missouri,  a surface  reflection 
of  the  easterly  moving  850mb  low.  Also,  the  greatest  discontinuity  in  air 
masses  due  to  warm,  moist  southerly  flow  existed  over  Missouri.  Note  the 
thermal  gradient  over  Missouri  in  Figure  24b.  Low  formation  was  rapid,  and 
a major  storm  resulted.  It  is  evident  that  steering  and  timing  of  precipi- 
tation, problems  could  have  occurred  if  the  surface  low  in  Texas  had  been 
considered  the  major  low. 


SUMMARY 


Forecasters  should  carefully  watch  for  development  of  a low  at  the  850mb 
level  along  the  east  slopes  of  the  Rocky  Mountains.  Such  a development  may 
verify  the  potential  for  cyclogenesis  in  the  SOOmb  trough.  As  has  been  dis- 
cussed in  this  chapter,  determining  the  existence  or  inception  of  such  a 
low  at  this  level  is  important  to  proper  identification  and  correct  forecast- 
ing of  the  subsequent  movement  of  the  main  surface  feature.  Thus,  knowing 
the  contributions  at  the  8S0mb  level  to  the  storm  system,  as  a whole,  is 
vital  to  forecasting  onset  and  extent  of  precipitation  along  the  storm's 
path.  In  conclusion,  the  reader  is  again  reminded  that  helpful  information 
can  be  found  in  3WW  Tech  Note  76-1,  Low  Level  Moisture  Advection. 
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CHAPTER  4 


SURFACE 


INTRODUCTION 


In  this  chapter,  surface  synoptic  patterns  associated  with  deepening  upper 
troughs  over  the  central  and  western  U.S.  will  be  discussed.  Included  will  be  cold 
air  sources,  frontal  and  pressure  systems  and  other  significant  features  which  occur 
during  the  development  period.  Discussion  of  the  associated  SOOab  trough/low  and, 
by  exception,  the  SOOmb  height  fall  center  related  to  the  developing  surface  systea 
will  be  included.  Chapter  5 will  focus  on  significant  features  associated  with  the 
developing  storm  as  it  begins  to  organize  over  the  Rockies  and  the  western  plains. 


COLD  AIR  SOURCES 


A forecasting  decision  on  whether  snow  or  rain  will  occur  is  a routine  problea 
for  locations  in  the  central  and  southern  Midwest.  The  source  of  the  cold  air 
needed  to  produce  freezing  and/or  frozen  precipitation  should  be  considered  when  a 
storm  system  is  moving  out  of  the  Rockies  to  the  western  plains.  Naturally,  if  cold 
air  is  present  and  is  expected  to  persist,  the  occurrence  of  snow  is  likely.  Figures 
25  to  27  show  three  surface  patterns  favorable  for  advection  of  cold  air  into  Mid- 
west storm  systems.  In  these  figures,  the  assumption  is  made  that  warm  air  has  been 
advected  northward  ahead  of  the  storm  system  and  a decision  as  to  whether  cold  air 
will  feed  into  the  low  in  time  to  change  rain  to  snow  has  to  be  made.  These  figures 
will  be  helpful  in  recognizing  surface  patterns  likely  to  produce  cold  advection 
into  a storm  system.  The  frontal  systems  depicted  are  not  necessarily  ideal  posi- 
tions; these  examples  were  selected  for  convenience. 

The  most  frequent  source  of  cold  air  is  as  shown  in  Figure  25.  Often  a sta- 
tionary front  or  a slow  moving  cP  cold  front  will  appear  through  the  upper  Midwest 
separating  cold  polar  air  from  warmer,  modified  cP  and/or  mP  air.  Sometimes, 
troughs  will  appear  on  the  surface  chart  rather  than  fronts.  Treat  these  troughs 
as  potential  fronts;  it  isn’t  unusual  at  all  to  see  analyzed  troughs  changing  to 
cold  fronts  when  the  cold  air  north  of  the  trough  begins  to  move  southward  behind 
low  systems.  Snow  can  occur  prior  to  the  arrival  of  cP  air,  provided  the  mP  air 
drawn  into  the  low  system  from  the  Rockies  is  cold  enough.  The  presence  of  cP  air 
will  increase  the  area  of  snowfall. 

Building  ridges  extending  from  the  Pacific  high  over  the  western  U.S.  often 
produce  high  pressure  over  the  Idaho-eastern  Oregon-Washington  area.  Occasionally, 
the  ridge  extends  northward  into  Canada,  allowing  cold  air  to  move  southward  along 
the  east  side  of  the  ridge.  Figure  26  shows  such  a pattern. 

Figure  27  shows  the  absence  of  the  usual  cP  high  over  western  Canada.  Instead, 
the  cold  air  source  is  located  over  the  eastern  sections  of  Canada  and/or  the  U.S. 
Slow  moving,  receding  highs1  over  these  areas  will  sometimes  extend  a ridge  westward 
through  the  Great  Lakes  and  southern  Canada  to  the  upper  Midwest.  Developing  storms 
over  the  central  U.S.  induce  these  cold  air  ridges  to  move  southwestward  into  these 
storm  systems. 


MARITIME  POLAR  FRONTAL  SYSTEMS 


During  the  course  of  the  winter  season,  there  will  be  many  mP  cold/occluded 
fTontal  systems  which  will  enter  the  Pacific  Northwest.  Most  of  these  frontal  sys- 
tems move  across  the  Rockies  and  into  the  Midwest  as  relatively  dry  and  weatherless 
fronts.  There  are,  however,  synoptic  situations  in  which  these  frontal  systems  are  a 


1.  Throughout,  the  term  "receding  high"  means  a high  moving  away  (thus  receding)  to  the  east  from 
the  Midwest. 
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Figure  2S:  Cold  Mr  from  'lain  High  - 
Western  Canada 


Figure  26:  Cold  Air  from  'tain  High 
Western  ll.S. 


COLD  AIR  SOURCES 


forewarning  of  major  storms  over  the  Midwest.  Maritime  polar  cold/occluded  fronts 
from  the  Pacific  Northwest  that  are  associated  with  a developing  upper  system  over 
the  western  U.S.  normally  move  in  a southeasterly  direction  towards  the  Midwest. 

The  first  indication  of  a deepening  upper  trough/cyclogenesis  is  a lagging  front 
with  wave/low  development  usually  over  the  Nevada-lltah  area.  The  frontal  wave/low 
will  often  persist  as  it  moves  across  the  Rockies  and  will  either  dissipate  or  merge 
with  the  lee-side  low.  Then,  the  lee-side  low  becomes  the  major  low  and  intensifi- 
cation is  rapid.  On  the  other  hand,  there  are  occasions  when  upper  trough/cyclogene- 
sis development  will  occur  much  closer  to  the  Midwest  and  little  warning  of  an  im- 
pending storm  can  he  determined  from  the  approaching  mP  frontal  system.  In  these 
cases,  an  raP  frontal  system  lacking  wave/low  development  across  the  Rockies  can  sud- 
denly develop  a significant  low  along  it  as  it  moves  over  the  western  plains. 

Maritime  polar  fronts  crossing  the  Rockies  are  sometimes  hard  to  locate  and 
often  will  be  discontinued  on  the  facsimile  surface  analysis.  Often,  the  only  clue 
that  a surface  discontinuity  still  exists  in  relation  to  an  upper  trough  over  the 
western  ll.S.  will  he  the  existence  of  an  inverted  trough  pattern  and/or  surface  low- 
in  that  area.  It  is  important  to  maintain  continuity  on  these  weak  systems,  especi- 
ally when  cyclogcnesis  is  occurring  aloft  over  the  central  and  southern  Rockies. 

The  presence  or  absence  of  a migratory  high  pressure  system  over  the  northern 
Rockies  and/or  the  upper  Midwest  during  the  period  when  upper  level  deepening  is 
occurring  over  the  western  U.S.  determines  the  orientation  of  mP  frontal  wave/low 
formation  over  the  Midwest.  Figures  28  and  29  depict  these  two  anticyclonic  pres- 
sure patterns.  No  investigation  was  made  to  relate  these  two  patterns  with  upper 
air  features  due  to  the  shallowness  of  migratory  high  pressure  systems.  Migratory 
highs  can  persist  and/or  move  southward  under  an  upper  southwesterly  flow. 

Figure  28  depicts  the  normal  pressure  pattern  sequence  across  the  U.S.  prior  to 
major  storm  formation  over  the  Midwest.  Migratory  cP  highs  over  Canada  or  mP  highs 
from  the  western  U.S.  are  moving  towards  the  eastern  U.S.,  resulting  in  surface 
trough  development  and  eventual  low  formation  along  the  lee  slopes  of  the  Rockies. 
Stationary  or  building  cP  highs  over  northern  Canada  often  extend  a cold  polar  ridge 
into  the  upper  Midwest  as  shown  in  Figure  28.  Gulf  stratus  often  develops  and  moves 
rapidly  northward  into  this  type  of  pressure  pattern  fSee  IKK  Technical  Note  76-1). 

In  Figure  29,  a persistent  tone  of  high  pressure  extends  from  the  Pacific  North- 
west across  the  Rockies  into  the  upper  Midwest.  I.ee-side  trough/low  development  is 
not  favorable  under  such  an  anticyclonic,  cold  airmass;  consequently,  the  surface 
cyclonic  pressure  pattern  associated  with  the  approaching  mP  system  would  be  repre- 
sented by  an  inverted  trough  configuration.  Often  under  these  circumstances,  the 
thermal  low  located  over  the  northern  Mexico- southern  Texas  area  has  a much  lower 
than  normal  central  pressure.  The  high  pressure  zone  shown  in  Figure  29  does  not 
necessarily  mean  that  potential  storm  development  would  be  dampened  or  its  track 
would  be  confined  to  the  southern  plains  states.  This  pattern  has  been  closely  fol- 
lowed by  several  major  storms  that  eventually  moved  across  the  Midwest.  Conversely, 
what  looks  like  an  ideal  storm  pattern  developing  over  the  southern  Rockies  can  be 
depressed  or  its  track  shifted  southward,  if  the  high  pressure  system  shown  in 
Figure  29  is  moving  southward.  Residual  stratus  and  widespread  overrunning  precipi- 
tation is  often  associated  with  this  type  of  prossure  pattern. 

The  following  synoptic  patters  (Figures  JO  through  36)  will  be  identified  as 
one  of  the  two  anticyclonic  features  shown  in  Figures  28  and  29.  Additionally, 
Figures  30  through  36  will  be  further  identified  ns  either  mP  frontal  systems  or  mP 
inverted  trough/low  pressure  systems.  No  attempt  has  been  made  to  classify  the  num- 
erous frontal  wave/low  variations  that  appear  over  the  Rockies  prior  to  storm  de- 
velopment. The  intent  has  been,  instead,  to  identify  the  overall  large  scale  pres- 
sure patterns  which  exist  in  advance  of  mP  systems  headed  towards  the  Midwest. 


1 . Maritime  Polar  Frontal  (Receding  High  Pressure:  Figure  28) 


Three  examples  of  this  pattern  will  be  shown.  The  first  example  will  show  a 
typical  setup  prior  to  storm  development  within  the  lee-side  trough.  The  next  two 
examples  are  actual  occurrences  and  have  been  selected  to  show  storm  development 
over  the  western  U.S.  (early  warning)  and  storm  development  over  the  Great  Plains 
(little  warning).  These  two  examples  (and  all  subsequent  examples)  will  be  shown 
in  two  parts:  Figure  a depicts  the  time  period  prior  to  storm  development  over  the 
Midwest  and  Figure  b shows  the  synoptic  pattern  24  hours  later.  Included  with  each 
figure  are  SOOmb  trough  and/or  low  positions  relating  to  the  main  surface  low  and 
areas  of  precipitation. 
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Figure  30  shows  a typical  surface  pattern  12  to  24  hours  prior  to  a major  storm 
over  the  central  Midwest.  Each  feature  is  identified  by  a letter  in  Figure  30.  The 
mP  cold  front  with  an  associated  low  (A)  is  moving  southeasterly  across  the  Rockies 
and  is  approaching  the  lee-side  low/trough  (B) . Often,  two  or  more  surface  lows, 
along  with  the  lee-side  low,  will  appear  over  areas  west  of  the  Rockies  during  upper 
level  intensification  and/or  cyclogenesis.  Identifying  the  main  surface  low  and 
where  it  will  eventually  organize  can  be  a problem;  identification  and  steering  of 
the  main  surface  low  will  be  discussed  in  Chapter  S.  The  high  (C)  located  over  the 
Colorado  Plateau  area  appears  routinely  on  the  surface  chart.  This  high  does  not 
move  out  ahead  of  an  approaching  mP  system.  Instead,  it  will  dissipate  as  warmer 
southerly  low  level  flow  advects  into  the  area. 


There  is  usually  a stationary  front  which  extends  southeastward  from  western 
Canada  to  eastern  Colorado  along  the  Rocky  Mountains  (D) . This  frontal  system  is  a 
semi -permanent  feature  during  the  winter  months  and  is  established  when  polar  or 
arctic  air  is  present  east  of  the  Rockies.  The  placement  and  orientation  of  this 
front  over  the  Rockies  is  dependent  upon  the  strength  and  thickness  of  the  cold  polar 
air.  Usually,  one  or  two  waves/lows  are  found  along  this  boundary;  however,  their 
existence  is  usually  of  no  significance  to  storm  occurrence  over  the  central  U.S. 
unless  upper  trough/cyclogenesis  is  occurring  west  and  southwest  of  the  Rockies. 
Often,  this  stationary  front  will  develop  eastward  (E)  either  as  a front  or  trough 
over  the  central  or  upper  Midwest  depending  upon  the  strength  of  the  cP  ridge  over 
Canada  and  the  northward  advection  of  warmer  air.  This  developing  front/trough  can 
become  a significant  feature  in  that  it  frequently  develops  the  characteristics  of 
a warm  front,  even  though  it  is  often  depicted  as  a stationary  front  or  as  a surface 
trough.  At  other  times,  this  east-west  surface  troughing  can  be  an  indicator  that 
colder  air  is  beginning  to  push  southward  and  that  the  trough  development  is  the 
leading  edge  of  cold  air.  Often,  the  first  appearance  of  snow  will  develop  along 
this  boundary  and  northward  within  the  colder  air  mass  many  hours  prior  to  main 
storm  development  over  the  central  and/or  southern  Rockies.  The  stationary  front 
(F)  in  the  western  Gulf  of  Mexico,  under  return  flow  on  the  back  side  of  the  reced- 
ing high  can  also  begin  moving  northward  and  be  accompanied  by  moist,  warm  gulf  air. 


In  Figure  Sla,  the  approaching  mP 
frontal  system  has  already  started  to 
vave  with  an  associated  low  over 
Nevada.  The  lee-side  trough/low 
has  developed  and  wan  air  is  advect- 
ing  over  the  Midwest.  The  cold  air 
source  is  a high  located  over  the 
Hidson  Bay  area.  A discontinuity 
zone  between  aodified  cP  air  and 
warmer  nP  air  exists  across  the 
upper  Midwest.  A stationary  colder 
cP  frontal  zone  is  located  in  southern 
Canada.  An  intensifying  SOOmh 
trough  f roe  California  to  Washington 
is  moving  southeasterly. 


In  l-'igure  31b.  the  main  surface  low 
has  organized  over  northeastern  New 
Mexico.  The  frontal  low  in  Nebraska 
is  the  low  that  was  in  eastern 
Colorado  24  hours  earlier.  This  low 
joined  the  front  and  moved  north- 
eastward, while  a new  low  (main  low) 
developed  over  New  Mexico  and  is 
related  to  the  SOOmb  low  that  has 
formed  and  is  now  located  over  Utah. 
The  New  Mexico  low  moved  into 
southern  Kansas  and  deepened  into  a 
major  storm  system  as  shown  by  the 
storm  track  (arrow)  in  Figure  31b. 
This  case  of  two  or  more  wave/low 
features  along  the  mP  front  occurs 
often  and,  as  briefly  mentioned  in 
Chapter  3,  care  should  be  taken  in 
determining  which  low  will  be  the 
main  low.  A lingering  surface  low, 
such  as  shown  in  Figure  31b  over 
Utah,  usually  is  the  surface  reflec- 
tion of  the  upper  trough/low.  (These 
low*  along  with  frontal  lows,  will 
be  discussed  in  detail  in  Chapter  3.) 
The  cold  air  source  is  cP  moving  southward  over  the  northern  Rockies.  Often  cP  cold  fronts  follow- 
ing behind  mP  frontal  systems  frontolyze  because  the  primary  area  of  convergence  is  along  the  mP 
front. 


Figure  Jib:  12Z  29  Dec  1972 


FIGURE  31:  EXAMPLE  2 - CYCljOGF.NESIS  OVER  WESTERN  U.S. 
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c . I'y^- logene  s 1 s Over  the  Rockies/Midwest  (Example  3,  Receding  High  ) 


Figure*  Si*  «uJ  Sit>  kitvfc 
major  storm  development  along 
an  mP  cold  front  over  the 
southern  Rockies  and  western 
plains.  This  case  is  an  exam- 
ple where  the  mP  front  has 
moved  out  into  the  central 
plains  and  is  becoming  station- 
ary due  to  either  cyclogenesis 
within  the  upper  trough  over 
the  Rockies  or  a new  short  wave 
bottoming  out  and,  thus,  deep- 
ening the  long  wave  trough 
over  the  western  U.S.  The  mP 
front  will  slow  down  in  response 
to  deepening  of  the  upper  sys- 
tem and  eventually  the  upper 
system  will  catch  up  and  stack 
with  the  main  surface  low  along 
the  front.  Note  the  four  sur- 
face lows  in  Figure  32a;  the 
main  surface  low  is  located 
over  eastern  New  Mexico.  The 
frontal  low  over  western  Minne- 
sota traveled  up  the  front 
from  southwestern  Nebraska  and 
produced  only  a short  period 
of  light  snow  in  the  vicinity 
of  the  surface  low. 


Figure  32a:  OOZ  19  Nov  1975 


In  Figure  32b,  the  surface 
low  which  was  over  New  Mexico, 
has  organized  and  intensified 
in  the  past  12  hours.  The  SOOmb 
low  has  now  caught  up  with  and 
nearly  stacks  with  the  surface 
low  over  central  Kansas.  Bliz- 
zard conditions  are  occurring 
over  northwestern  Kansas  and 
central  Nebraska.  The  500mb 
height  fall  center  track 
would  be  very  helpful  in  de- 
termining where  the  main  sur- 
face low  would  organize.  This 
particular  example  is  explained 
in  more  detail  in  Chapter  S. 


Figure  32b:  OOZ  20  Nov  197S 


FIGURE  32:  EXAMPLE  3 - CYCLOGENESIS  OVER  THE  ROCKIES/MIDWEST 


2.  Maritime  Polar  Frontal  (High  Pressure  Over  Midwest:  Figure  29) 


The  surface  pattern  in  Figure 
33  occurs  when  high  pressure  ridges 

tuild  over  the  Pacific  Northwest 
nd  western  Canada  and  extend  into 
[the  upper  Midwest.  At  the  SOOaib 
level,  the  Pacific  ridge  is  build- 
ing off  the  west  coast  and  short 
wave  troughs/lows  move  southeast- 
ward towards  Aritona.  The  strong 
upper  level  flow  moves  these  short 
waves  rapidly  towards  Texas.  Mari- 
tine  polar  cold/occluded  frontal 
systems  entering  the  Neat  Coeat  are 
•ushed  southward,  and  the  northern 
[portion  of  these  fronts  weaken  and 
{dissipate  as  they  come  under  the 
influence  of  the  building  high 
|pressure  system.  These  systems 
evelop  early  over  the  southwest 
[U.S.  (closed  SOOmb  low)  and  usually 
|provide  early  warning  of  the  like- 
lihood of  major  storm  activity  (in 
the  next  24  to  48  hours)  over  the 
[central  and  southern  areas  of  the 
{Midwest.  Cold  air  is  generally 
resent  over  the  Midvest  within  the 
stationary  ridge,  and  (with  south- 
west flow  aloft  ahead  of  the  ap- 
proaching short  wave  and  moist  Gulf 
flow  from  the  south)  widespread 
Overrunning  precipitation  develops. 
In  Figure  33a,  the  mP  cold  front 
over  California  has  been  moving 
slowly  southeastward  (as  a short 
'wave  trough  deepened  along  the  Neat 
/Coast)  during  the  previous  24  hours. 
By  the  time  of  this  example  snow 
has  developed  along  the  short  wave 
over  Nevada -Utah  and  ups  lope  snow 
is  developing  over  eastern  Colorado. 
Rain  and  drizzle  are  developing 
along  the  stationary  front  in  Okla- 
homa, as  strong  Gulf  flow  overruns 
the  shallow  airmass. 


In  Figure  33b,  the  main  sur- 
face low  is  organizing  over  north- 
eastern Oklahoma  supported  by  the 
SOOmb  low  over  New  Mexico.  The 
Texas  frontal  low  later  dissipated 
as  the  front  became  a cold  front. 

The  SOOmb  trough  over  Arizona  and 
Utah  is  becoming  a long  wave  trough; 
however,  the  short  wave  over  north 
Texas  is  responsible  for  storm  de- 

telopment.  A strong  flow  of  Gulf 
oisturc  continues  to  overrun  the 
frontal  system  and  a large  precipi- 
tation area  has  developed.  Note 
the  low  and  Inverted  troughing  over 
New  Mexico  which  is  associated  with 
the  long  wave  trough  from  Montana 
to  Arizona. 


Figure  33b: 


Jan  1971 


FIGURE  33:  CYCLOGENF.SIS  OVER  THE  SOUTHERN  PLAINS 
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MAR  IT  I Ml  POLAR  1\V  I RT IH  TROUGH  SYSTEMS 


The  following  surface  patterns  (Figures  54  through  56)  are  grouped  together  for 
one  main  reason.  There  is  no  apparent  mP  frontal  system  shown  on  the  surface  chart 
that  is  associated  with  the  approaching  upper  trough.  Instead,  inverted  troughing 
appears  on  the  surface.  Either  the  front  has  become  so  weak  (moving  into  a strong 
high  pressure  areal  thut  is  has  become  lost  in  the  western  mountains  or  an  upper 
trough  has  developed  within  zonal  flow  over  the  western  II. S.  and,  consequently,  there 
wasn't  any  associated  surface  front  to  begin  with.  Also,  there  is  usually  no  related 
mP  front  associated  with  closed/cutoff  lows  that  have  been  stationary  over  the  south- 
west U.S.  and  then  suddenly  moved  out  as  a short  wave.  The  precipitation  from  these 
surface  patterns  often  surprises  Midwestern  forecasters,  since  there  is  no  apparent 
surface  front  (west  of  their  locations)  upon  which  to  base  a forecast.  There  are 
certain  features  to  look  for  and,  keeping  in  mind  what  was  covered  in  Chapter  2, 
early  recognition  of  possible  storm  development  can  be  achieved. 


Inverted  Troughs  (Receding  High  Pressure:  Figure  28) 


Figure  sequence  54  shows  a typical  pattern  for  a potential  storm  system  (lacking 
only  a good  cold  air  source).  In  this  particular  example,  snow  occurred  only  over 
the  upper  Mississippi  Valtev  and  Great  Lakes.  The  intent  is  to  show  the  potential 
development  of  a major  storm  system.  Perhaps  a similar  feature  setup  could  have  a 
cold  air  source  with  a larger  snow  area  the  result.  In  Figure  54a,  no  recognizable 
mP  frontal  system  has  appeared  on  the  surface  chart;  however,  weak  inverted  trough- 
ing with  a closed  low  is  present  from  Wyoming  to  New  Mexico. 

The  SOOmh  trough  over  Utah- Ari zona  is  the  remains  of  a closed  low  which  was 
previously  stationary  over  central  California  and  is  now  the  support  for  the  inverted 
trough.  The  closed  low  did  not  have  an  associated  frontal  system;  the  surface  low 
appeared  while  the  upper  system  was  moving  across  Arizona  and  New  Mexico.  Surface 
parameters  to  watch  for  while  tracking  a surface  impulse  across  the  mountains  are 
pressure  falls  and  rises  and  areas  of  precipitation.  Residual  moisture  ahead  of  the 
stationary  front  and  the  added  Gulf  flow  are  producing  scattered  precipitation  areas 
over  Texas  and  the  southern  plains.  Within  24  hours,  a storm  system  developed  and 
moved  to  Illinois,  as  shown  in  Figure  54b.  The  stationary  front  over  Texas  moved 
northward  and  joined  the  surface  low  when  it  moved  out  of  the  southern  Rockies.  The 
SOOmb  shoTt  wave  moved  noTtheastwaTd  with  a low  center  over  Iowa.  Precipitation 
became  widespread  over  the  central  Midwest,  but  it  was  mostly  rain,  while  snow  occur- 
red in  the  northern  plains  and  Great  Lakes. 

Closed  lows  located  over  southern  California  and  northern  Mexico  within  a long 
wave  trough  at  SOOmh  can  remain  quasi-stationary  for  days.  Then,  almost  suddenly, 
they  will  begin  to  move  out,  usually  with  the  approach  of  a new  impulse  from  the 
Pacific  Northwest.  In  many  cases,  there  will  not  he  an  associated  mP  frontal  system 
with  these  closed  lows.  There  is,  however,  usually  an  mP  and/or  cP  front  approach- 
ing from  the  Pacific  Northwest  with  the  new  impulse  which  is  inducing  the  closed  low 
to  "kick  out."  As  stated  in  Chapter  2,  closed  lows  within  the  long  wave  SOOmb 
trough  will  often  move  rapidly  northeastward  and  become  short  waves.  Usually,  large 
areas  of  precipitation  develop  ahead  of  these  short  waves  over  the  Midwest  prior  to 
the  arrival  of  the  new  front.  The  eventual  surface  patterns  that  are  most  likely  to 
become  associated  with  these  short  waves  (closed  lows)  over  the  Midwest  are: 

* Approaching  mP  front  (and  sometimes  a cP  cold  front)  moving  southward 
from  Alaska/Canada  associated  with  the  new  SOOmb  short  wave  which  "kicked  out"  the 
closed  low. 


* Cyclogenesis  along  a stationary  front  in  the  Gulf  of  Mexico  and/or 
the  southern  Texas-Louisiana  area.  The  upper  level  closed  low  would  lend  support  to 
development  of  a frontal  wave  in  these  areas  as  it  moves  northeastward  across  the 
central  Midwest  as  a short  wave. 

In  Figure  5Sa,  the  short  wave  low  shown  in  the  vicinity  of  El  Paso  (ELP),  Texas 
had  been  over  northern  Baja  California  12  hours  earlier.  Note  that  there  is  no  as- 


sociated mP  frontal  system  with  this  short  wave.  The  thermal  low  over  Mexico  should 
not  be  considered  to  be  the  main  surface  feature.  This  thermal  low  is  occasionally 
mistakenly  identified  as  being  or  becoming  the  main  feature  at  the  surface  because 
of  the  intensification  and  pressure  drops  that  occur  in  the  vicinity  of  the  low  dur- 
ing the  time  period  when  the  upper-level  short  wave  trough  or  closed  low  is  moving 
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Figure  34b:  12Z  30  Dec  1971 


EXAMPLE  1 - MARITIME  POLAR  INVERTED  TROUGH  - RECEDING  HIGH 


across  New  Mexico  and  west  Texas.  It  is  the  wave  shown  on  the  front  over  the  west- 
ern Gulf  of  Mexico  that  will  eventually  be  the  wain  surface  feature.  Cyclogenesis 
is  quite  common  along  stationary  fronts  frequently  present  along  the  Texas  gulf 
coast  and/or  over  the  Gulf  of  Mexico.  In  this  particular  case,  a large  precipita- 
tion area  developed  as  the  upper  level  short  wave  combined  with  the  low  level 
onshore/ups  lope  flow  condition  over  Texas  and  the  southern  Rockies.  Increased  pre- 
cipitation (usually  snow)  over  northern  Arizona  and  New  Mexico  is  a very  good  sign 
that  a closed  low  at  SOOmh  is  on  the  move  toward  the  Plains  and  the  Midwest.  Though 
not  indicated  in  the  figure,  snow  occurred  over  the  southern  Rockies  during  the 
12-hour  period  when  the  low  and  associated  trough  at  SOOmb  moved  from  Raja,  Califor- 
nia, to  the  present  positions.  The  idea)  setup  for  increased  precipitation  over  the 
Arizona-New  Mexico  area  is  a moist  low  level  advection  westward  from  the  Gulf  of 
Mexico  over  northern  Mexico  and/or  southern  Texas  towards  west  Texas,  New  Mexico 
and  Arizona.  An  upslope  condition  is  established  over  these  areas  and,  in  conjunc- 
tion with  the  lifting  of  air  into  the  higher  levels  with  the  approaching  short  wave, 
a rapidly  developing  precipitation  area  breaks  out  over  the  Arizona-New  Mexico  area. 
This  area  frequently  moves  rapidly  northeastward  into  the  Plains  and  Midwest.  Low 
level  moisture  gradually  spreads  over  the  remainder  of  Texas  as  the  high  moves  east. 
Also,  in  Figure  3Sa,  cold  air  is  already  present  over  the  central  Midwest,  with  an 
added  cold  air  source  rapidly  approaching  in  the  form  of  a cP  front  from  Montana. 

In  Figure  35b,  the  Gulf  wave  is  shown  to  have  moved  rapidly  northward  to  Illi- 
nois in  24  hours,  supported  bv  the  SOOmb  short  wave  (closed  low).  Cold  polar  air 
has  penetrated  southward  to  Oklahoma  as  reflected  by  the  cP  frontal  boundary.  As 
the  storm  system  progressed  northward  it  caused  heavy  snow  from  the  Texas  panhandle 
to  the  Great  Lakes. 

Development  of  lows  in  the  Gulf  along  stationary  fronts  occur  often.  However, 
as  a general  rule,  these  lows  will  move  east  northeastward  across  the  southeastern 
states.  Normally,  the  central  and  upper  Midwest  regions  do  not  receive  significant 
precipitation  from  systems  developing  over  southeastern  Texas  and  the  Gulf  unless 
there  is  an  associated  inverted  trough  extending  northward  from  these  waves  over 
the  Plains  and  the  Midwest.  Be  on  the  lookout  for  these  inverted  troughs.  Frontal 
waves  across  southern  Texas  and  the  Gulf  of  Mexico  should  not  be  ignored  by  central 
Midwestern  locations  when  closed  lows  from  the  southwestern  U.S.  are  moving  north 
or  northeastward  toward  the  Midwest  as  short  waves. 


2.  Inverted  Troughs,  (High  Pressure  Over  Northern  U.S.:  Figure  29) 


This  pattern  is  established  when  mP  frontal  systems  from  the  Pacific  become  so 
weak  under  the  dominance  of  high  pressure  that  their  frontal  characteristics  are 
lost  over  the  mountains.  The  pressure  pattern  becomes  an  inverted  trough  feature 
as  it  approaches  the  southern  and  central  Rockies.  In  many  cases,  the  associated 
upper  trough  continues  eastward  and  deepens.  MajoT  snow  storms  developing  within 
the  inverted  trough  over  Texas  and/or  Oklahoma  are  not  uncommon  when  the  upper 
trough/low  bottoms  out  over  New  Mexico  and  moves  across  the  central  Midwest. 

In  Figure  36a,  a low  is  organizing  along  the  stationary  front  in  Texas.  A 
weakening  mP  frontal  system  which  was  over  Arizona  24  hours  earlier,  is  represented 
by  the  inverted  trough  extending  northward  from  the  Texas  low  to  Oklahoma.  The  in- 
verted trough  over  the  New  Mexico-Utah  area  is  a reflection  of  the  long  wave  trough 
and  surface  discontinuity  of  colder  polar  air  pushing  southward  through  Colorado 
and  New  Mexico.  The  SOOmb  low  over  New  Mexico  has  reached  its  lowest  position  at 
the  base  of  the  trough  and  is  moving  easterly.  Moderate  to  heavy  snow  is  falling 
over  the  Rockies  and  western  plains. 

In  Figure  36b,  the  500mb  low  has  shifted  to  a northeast  course  towards  Kansas. 
The  surface  low  developed  rapidly  along  the  Texas  frontal  system,  moved  northward 
in  response  to  the  upper  low  and  had  reached  the  occluded  stage  within  24  hours. 
Moderate  snowfall  continues  over  the  central  plains  and  later  moves  into  the  Great 
Lakes . 


STORM  SYSTEMS  APPROACHING  MIDWEST  FROM  THE  NORTHWEST 


So  far  in  this  chapter,  it  has  been  shown  that  systems  having  the  potential  to 
become  snowstorms  usually  approach  the  Midwest  from  the  west  and/or  south.  There 
is  another  pattern  which  will  produce  moderate  to  heavy  snowfalls  over  the  Midwest 


and  for  which  the  relationship  between  the  surface  and  upper  air  features  are  some- 
what different  from  what  has  been  discussed  so  far.  Specifically,  there  is  usually 
a persistent  continental  polar  or  arctic  air  mass  prevailing  over  Canada  extending 
southward  into  the  central  Midwest  throughout  the  snowfall  period.  The  snowfall 
area  develops  within  the  cold  air  over  western  Canada  as  moist  Pacific  air  flows 
over  the  top  of  the  cold  air  dome.  In  this  pattern,  the  trigger  is  the  presence  of 
a developing  (strong!  short  wave  over  western  Canada,  usually  with  a low  center, 
which  gradually  moves  southeasterly  towards  the  Midwest.  In  these  discussions,  all 
refetences  to  polar  or  arctic  air  will  be  termed  Polar.  The  following  features  have 
been  noted  with  this  pattern: 


UPPHRAIR:  The  mean  long-wave  trough  is  oriented  north-south  across  the 
central  Midwest.  The  Pacific  ridge  extends  inland  over  the  western  U.S.  - Canada 
area  and  shifts  the  short  wave  track  from  the  coastal  area  of  western  Canada 
further  to  the  east.  Consequently,  developing  short  waves  will  move  southeasterly 
across  the  northern  and  central  Rockies  and  bottom  out  within  the  mean  long  wave 
trough  across  the  central  Midwest.  The  associated  Pacific  moisture  spreads  south- 
eastward over  the  cold  polar  air,  resulting  in  an  increasingly  larger  snowfall  area 
over  the  western  plains.  Also,  as  the  upper  wind  flow  backs  towards  the  west  with 
the  approach  of  the  short  wave,  an  excellent  overrunning  situation  develops  over 
the  Midwest,  resulting  in  an  increased  snow  area.  At  the  JOOmb  level,  the  jet's 
mean  flow  extends  from  the  Pacific  northwest  across  the  central  Rockies  to  the 
southern  plains  where  it  turns  to  the  northeast  within  the  bottom  of  the  long  wave 
trough. 

SURFACE : As  pointed  out  earlier,  strong  polar  air  masses  exist  over  central 
Canada  and  the  Midwest  with  this  pattern.  The  main  frontal  system  is  the  polar 
front  (often  stationary)  that  appears  along  the  lee  side  of  the  Rockies  from 
western  Canada  to  New  Mexico  then  continues  eastward  across  the  southern  plains  as 
the  leading  edge  of  polar  air.  There  may  or  may  not  be  a significant  low  along 
this  front  during  the  early  development  of  the  short  wave;  strong  surface  low 
development  is  often  hindered  by  the  dominance  of  high  pressure  over  the  Midwest. 

Tf  a normal  surface  pattern  existed  over  the  Midwest  (receding  high)  with  the 
approach  of  a short  wave  from  the  northwest,  a low  pressure  system  would  be  reflec- 
ted on  the  surface  over  the  Midwest.  Also,  it  should  be  mentioned  here  that  low 
development  along  the  polar  stationary  front  over  southwestern  Canada  (Alberta  low) 
generally  moves  east  to  southeast  towards  the  Great  lakes  (supported  by  an  easterly 
moving  short  wave).  Alberta  lows  generally  do  not  pose  a threat  of  significant  snow- 
fall to  central  and  southern  Midwest  locations;  however,  upper  Midwest  locations 
have  frequently  received  significant  snowfalls.  There  occasionally  are  situations 
when  Alberta  lows  will  move  southward  along  the  stationary  polar  front  to  the  lee 
of  the  Rockies,  producing  moderate  snowfalls  over  the  Midwest.  The  associated  short 
wave  moves  southerly  rather  than  easterly.  An  organized  low  should  appear  along  the 
polar  front,  usually  over  the  southern  plains,  and  move  briefly  eastward  while  the 
SOOmb  short  wave  bottoms  out  within  the  long  wave  trough.  The  entire  system  intensi- 
fies and  shifts  northeastward  as  the  short  wave  begins  to  turn  northeastward. 

Figures  37  and  38,  in  24  hour  periods,  show  two  examples  of  this  particular  pattern. 
In  both  cases,  strong  polar  highs  are  prevailing  over  the  Midwest  as  these  snow 
areas  move  southeastward. 

Care  should  be  taken  in  determining  if  this  pattern  is  developing.  Light  snow- 
fall areas  (S  2")  occur  frequently  within  the  cold  polar  air  mass  over  the  western 
and  northern  sections  of  the  Midwest  and  into  Canada,  especially  along  the  lee 
slopes  of  the  Rockies  (upslope).  These  areas  expand  over  the  upper  Midwest  when  weak 
impulses  are  moving  easterly  within  the  westerly  flow.  Additionally,  weak  waves/lows 
(often  terrain  enhanced)  will  also  produce  light  snowfall  areas  across  the  western 
and  central  portions  of  the  Plains.  However,  to  produce  the  majoT  snowstorm  that 
we  are  interested  in,  very  strong  and  evident  upper  level  support  must  accompany 
the  surface  system. 

In  Figure  37a,  the  mean  long  wave  tTough  with  weak  amplitude  has  shifted  west- 
ward from  the  East  Coast.  A west  to  east  flow  is  occurring  over  the  central  and 
eastern  U.S.  A new  SOOmb  short  wave,  which  was  located  over  the  Yukon  area  24 
hours  earlier,  has  moved  southeastward  to  southern  Alberta  and  British  Columbia. 

The  trough  extends  southward  into  eastern  Washington  and  OTegon , as  shown.  The 
Pacific  ridge  at  500mb  is  located  off  the  West  Coast  and  extends  northward  into 
Alaska.  At  the  surface,  the  cP  front  is  moving  southward  supported  by  a 10S7mb 
high  over  the  Yukon  area.  An  area  of  continuous  snow  is  developing  within  the  cold 
air  over  southern  Canada  east  of  the  short  wave  and  has  spread  into  northern  Mon- 
tana and  western  North  Dakota.  Low  level  qulf  moisture  is  increasing  along  and 
south  of  the  warm  front  in  southern  Texas. 
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In  Figure  57b,  the  SOOmb  short  wave  bus  moved  slowly  southeastward  to  the 
western  Montana-northern  Idaho  area  and  has  Intensified.  A low  appears  over 
western  Montana  and  should  continue  southeasterly.  The  SOOmb  flow  over  the  Mid- 
west Is  beginning  to  bach  to  the  west  with  further  shifting  westward  by  the  long 
wave  trough.  At  the  surface,  the  cP  front  Is  pushing  into  the  central  Midwest  as 
the  high  (T0S2mbl  over  southern  Yukon  continues  southward.  The  snow  ares  has 
expanded  as  it  moves  southeastward  behind  the  polar  cold  front.  A low  which  sioved 
along  the  front  from  the  lee  slopes  of  the  Rockies  now  appears  along  the  polar  front 
in  Oklahoma.  A Pacific  cold  front  is  moving  southeasterly  across  Utah  and  Nevada 
In  the  warmer  mP  air.  Usually,  Pacific  fronts,  sliding  southeasterly  to  the  west 
of  a cV  outbreak  Under  northwest  flow  aloft  (as  shown  In  figure  S7bl , weaken  when 
they  reach  the  New  Mexico-west  Texas  area.  (Normally,  thr  polar  alrmass  has  moved 
deep  into  Texas  by  that  time  and  will  dampen  the  Pacific  front.  Main  cyclogenesis 
often  occurs  further  eastward  along  the  cP  front  due  to  an  influx  of  gulf  air  pro- 
ducing a strong  discontinuity  between  these  air  masses.)  Weak  Pacific  fronts  (as 
shown  in  Figure  57b)  will,  however,  serve  as  a trigger  for  cyclogenesis  along  the 
cP  front  over  the  New  Mexico,  west  Texas  and  northern  Mexico  area  when  an  upper 
trough/low  is  approaching  these  areas  from  the  west.  This  setup,  would  frequently 
fall  into  thr  category  of  patterns  described  earlier  in  this  chapter. 


In  Figure  17c,  the  upper  trough  has 
into  a long  wave  feuture  over  the  Rockies 
shifted  to  the  southwest  and,  with  a cold 
excellent  overrunning  situation  has  devrl 
has  pushed  deep  into  Texas.  The  frontal 
the  front  to  Kentucky.  The  cP  front  has 
warm  front  had  joined  the  system  over  the 
gulf  air  over  the  cold  air  in  the  Ohio  Va 
over  the  central  and  upper  Midwest  and  is 
ever,  note  that  the  snow  (and  precipitati 
Oklahoma  - Texas  border. 


intensified  considerably  and  is  developing 
. The  upper  flow  over  the  Midwest  has 
northerly  flow  in  the  lower  levels,  an 
oped.  At  the  surface,  the  cP  cold  front 
low  that  was  over  Oklahoma  has  moved  up 
now  pushed  all  the  wav  through  Texas.  The 
lower  Mississippi  valley  and  is  spreading 
lley  area.  The  snow  area  is  extensive 
spreading  towards  the  Great  l.akes;  how- 
on,  in  general)  abruptly  ends  at  the 


Twenty-four  hours  later  (shown  in  Figure  J7d)  the  SOOmb  low  has  bottomed  out 
in  the  vicinity  of  Sioux  City,  Iowa  (S1IX);  It  later  shifted  northeastward.  The 
associated  surface  low  over  Kentucky,  in  essence,  split.  The  secondary  center 
continued  to  move  northeastward  to  southern  Pennsylvania  (the  triple  point),  while 
thr  primary  low  moved  northward.  It  is  shown  located  over  eastern  Wisconsin  and 
stacking  ideally  with  the  SOOmb  low.  The  arrows  on  this  figure  denote  previous 
SOOmb  low  and  surface  low  tracks.  The  snow  area  in  Figure  57c  shifted  northeast- 
ward towards  the  Great  l.akes  and  did  not  affect  Texas  or  Arkansas,  as  the  Pacific 
front  was  forced  into  Mexico  and  thr  low  center  previously  near  El  Paso  filled. 

The  storm  that  Is  shown  In  Figure  sequence  itiu  through  3bd  oeourred 
over  the  Midwest  during  the  period  November  24  • 27  I97S.  It  is  an  Interesting 
case  study  where  low  formation  along  the  stationary  cP  front  over  Alberta,  Canada, 
moved  southerly  and  affected  a large  orcu  of  the  Midwest.  The  sequence  of  figures 
closely  resembles  the  gencrnl  features  shown  in  tho  previous  sequence,  except  for 
the  main  surface  low  track. 

In  Figure  58a,  the  SOOmb  mean  long  wave  trough  extends  north-south  over  the 
Midwest  and  the  Pacific  ridge  extends  inland  over  the  wostern  U.S.  A high  cell 
is  located  off  the  northern  California  coast.  The  segment  of  the  short  wave  that 
appears  over  Hritish  Columbia  extends  northeastward  to  u low  pressure  area  over 
northern  Alberta.  This  short  wave  developed  off  the  southeastern  coast  of  Alaska 
12  hours  earlier.  The  Jet  stream  position  lies  across  the  Gulf  of  Alaska,  swings 
southeastward  across  southern  British  Columbia  and  continues  southeastward  over 
the  Rockies  to  New  Mexico  then  turns  easterly  at  the  bottom  of  the  long  wave 
trough.  A 110  kt  jet  maximum  is  located  from  the  Gulf  of  Alaska  to  southern 
British  Columbia. 

At  tho  surface,  the  frontal  wave  over  Missouri  developed  earlier  in  south- 
eastern Nebraska  along  the  stationary  cP  front.  The  frontal  iow  that  appears 


over  northern  Montana  developed  over  southern  Alberta  as  the  short  wave  approached 
from  the  northwest.  A snow  area  is  increasing  within  the  cold  air  along  the  sta- 
tionary front  over  Alberta  and  northern  Montana,  as  moist  Pacific  air  ahead  of  the 
short  wave  travels  over  the  colder  air.  The  cold  front  entering  the  Washington 
coast  is  really  cP  in  nature  because  a building  high  off  the  British  Columbia  coast 
is  drawing  cP  air  southward. 


Tn  Figure  38b,  the  SOOmb  short  wave,  caught  in  the  downstream  flow  from  the 
Pacific  ridge,  continues  southeastward  through  the  Rockies.  The  SOOmb  low,  which 
was  over  northern  Alberta  earlier,  has  dropped  southward  to  the  Montana-North 
Dakota  border.  (Note:  The  SOOmb  height  fall  centers  would  be  very  helpful  in 
determining  the  track  that  the  Alberta  low  will  take  over  the  next  12  to  24  hours.) 


At  the  surface,  the  cold  air  over  Washington  merged  with  the  polar  air  mass 
over  southern  Canada,  resulting  in  an  extensive  high  pressure  area  from  the  West 
Coast  to  the  Great  Lakes.  The  low  over  Montana  dropped  rapidly  southward  along 
the  stationary  front  to  the  lee  side  of  the  Rockies  and  deepened  18mb.  The  snow 
area  has  expanded  within  the  cold  air  due  to  the  continued  development  of  the 
short  wave.  No  Gulf  moisture  is  evident  yet. 


Tn  Figure  38c,  the  short  wave  continues  southeastward  to  the  western  plains. 
The  SOOmb  low  center  has  dropped  even  further  southward  and  is  now  located  over 
western  Nebraska;  the  low  is  beginning  to  approach  the  long  wave  trough  over  the 
central  U.S.  and  should  soon  reach  its  lowest  position. 


An  inverted  trough  is  indicated  at  the  surface  from  the  low  center  northward 
to  eastern  Nebraska.  The  inverted  trough  possesses  frontal  characteristics  in  that 
it  separates  drier  polar  air  from  the  warmer,  more  moist  flow  from  the  Gulf  of 
Mexico.  The  approach  of  the  short  wave  trough  also  supports  continuation  of  this 
inverted  trough.  The  inverted  trough  persisted  and  is  subsequently  identified  as 
an  occluded  frontal  system.  Note  the  great  distance  between  the  surface  low  and 
the  SOOmb  low  due  to  the  shallowness  of  the  polar  air  mass.  The  surface  low  should 
soon  begin  to  swing  north-northeastward  along  the  inverted  trough.  Development  of 
inverted  troughs  topside  of  low  pressure  systems  as  shown  in  Figure  38c  is  a relia- 
ble sign  that  the  upper  trough  is  still  intensifying  and  that  the  upper  system  is 
probably  turning  northeastward.  Low  centers  generally  will  travel  up  along  the 
inverted  trough  during  northeastward  movement  of  the  trough.  Gulf  moisture  first 
appeared  on  the  scene  at  2200Z,  Nov  25  (14  hours  earlier),  over  southeastern  Texas 
and  quickly  spread  northward  ahead  of  the  approaching  low.  resulting  in  the  addi- 
tional moisture  source.  Rain  developed  from  the  Gulf  Coast  northward.  With  the 
addition  of  eulf  moisture,  heavy  snow  is  reported  over  Missouri  and  western 
Illinois. 


In  Figure  38d,  the  SOOmb  low  bottomed  out  over  northern  Missouri  at  27/OOOOZ 
and  turned  northeastward  to  Lake  Michigan.  The  surface  low  over  southeast  Texas 
responded  to  the  upper  low's  northeasterly  shift  and  was  located  over  eastern 
Michigan  in  24  hours.  Heavy  snows  occurred  over  Missouri,  Iowa,  Illinois  and 
Indiana  and  northward  ahead  of  the  low  as  it  moved  northward.  (Further  discussion 
pertaining  to  this  particular  storm  will  be  presented  in  the  next  chapter.) 


SUMMARY 


In  summary,  it  can  be  seen  that  there  are  many  synoptic  patterns  that  can 
produce  significant  snowfalls  over  the  central  United  States.  The  favorite  area 
for  storm  development  is  in  the  south  and  central  Rockies;  however,  forecasters 
should  closely  watch  system  development  over  the  northern  Rockies  and  the  Gulf  of 
Mexico.  These  areas,  also,  are  potential  breeding  grounds  for  Midwest  snowstorms 
under  the  right  upper  flow  patterns.  The  dominance  of  surface  high  pressure  sys- 
tems across  the  central  and  upper  sections  of  the  U.S.  during  storm  formation  often 
presents  a problem  in  deciding  which  direction  to  steer  the  storm.  Primary  consid- 
erations foT  continued  development  and  steering  should  be  concentrated  within  the 
upper  levels.  For  that  reason,  in  the  next  chapter,  discussion  pertaining  to  the 
identification,  development  and  steering  of  the  main  surface  low  system  as  it 
crosses  the  central  plains  will  be  presented. 
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CHAPTER  5 


THE  MAIN  SURFACE  LOW:  IDENTIFICATION,  INTENSIFICATION,  AND  MOVEMENT 

INTRODUCTION 

In  this  chapter,  we  will  tie  together  the  developments  at  the  various  levels 
that  take  place  to  produce  major  snowstorms  over  the  Midwest,  Emphasis  will  be  placed 
on  the  relation  of  events  at  500mb  to  those  at  the  surface.  Thus,  the  main  concept 
will  be  the  relationship  that  is  round  to  exist  between  the  movement  and  tendencies 
of  the  500mb  height  fall  center,  the  500mb  low/trough,  and  the  main  surface  low. 

In  the  discussion  of  correlation  between  these  upper  air  and  surface  features,  the 
primary  goal  Is  to  help  you,  the  forecaster,  more  rapidly  and  more  precisely 
Identify  the  area  to  be  affected  by  the  Btorm  and  more  clearly  determine  the  most 
probable  area  to  receive  heavy  snowfall. 

Using  more  or  less  the  same  order  of  discussion  found  In  the  previous  chapter, 
the  presentation  will  again  be  divided  Into  two  primary  situations  of  (I)  the  high 
pressure  system  which  is  receding  eastward  from  the  Midwest  and  (II)  the  high 
pressure  system  that  prevails  over  the  Midwest  for  considerable  periods  of  time.  In 
each  Instance,  the  discussion  will  key  upon  Identification  of  the  main  surface  low. 
Since  the  main  surface  low  can  develop  from  the  lee-side  low  or  troughlng  and  from 
cyclogenesis  along  a front  or  an  inverted  trough,  a variety  of  case  study  examples 
having  one  of  these  characteristics  at  the  surface  are  discussed. 

In  the  final  section  (III)  entitled:  Special  Cases,  for  lack  of  a better 
name,  discussion  will  include  (1)  the  storm  system  that  develops  to  the  northwest 
of  the  central  U.S.  and  (2)  examples  of  precipitation  development  associated  with 
storm  development  over  the  Great  Plains.  In  the  first  part  of  the  section,  the  pur- 
pose In  mind  is  to  show  forecasters  that  the  occasional  heavy  snowfall  occurrences 
that  develop  when  the  upper  level  low  Is  approaching  from  the  northwest  can  be  more 
readily  followed  by  tracking  the  500mb  height  fall  center.  The  discussion  concern- 
ing precipitation  development  in  the  final  portion  of  the  chapter  Is  Included  to 
emphasize  the  importance  of  remaining  ever  alert  and  making  use  of  all  available  data. 
The  examples  to  be  shown  and  discussed  relate  to  situations  which  found  the  Plains 
virtually  free  of  any  precipitation  only  to  be  found  a short  twelve  hours  later 
under  the  influence  of  a full  scale  storm. 

DEVELOPMENT  AND  STEERING  OP  SYSTEM 


Generally  speaking,  available  current  and  outlook  advisories  concerning 
potential  storm  development  provide  ample  warning  of  the  Imminence  of  a snowstorm. 
Sometimes,  however,  the  snowfall  Indicated  by  these  forecasts  does  not  materialize 
with  the  timing  or  within  the  heavy  snow  forecast  areas  that  have  been  designated, 
while  other  areas  not  expected  to  have  a significant  snowfall  end  up  receiving  the 
brunt  of  the  storm.  There  are,  of  course,  a variety  of  reasons  for  these  forecast 
errors.  However,  through  the  years  two  reasons  have  produced  the  majority  of  the 
erroneous  forecasts.  Quite  often,  the  progs  have  shown  a tendency  to  move  the 
upper  level  area  of  cyclogenesis  southeastward  Or  eastward  as  It  comes  out  of  the 
southern  Rockies  rather  than  anticipating  the  bottoming  out  covered  In  a previous 
chapter  of  this  technical  note.  In  the  process,  the  track  of  the  storm  Is 
Improperly  forecast  to  also  move  to  the  southeast  or  east  rather  than  turning 
northeastward.  More  often,  though,  we  are  found  guilty  of  designating  the  wrong 
surface  low  as  the  main  surface  feature.  Each  storm  organizing  over  the  southern 
Rockies  and  south  central  U.S.  requires  considerable  attention  to  ensure  that  pro- 
per identification  and  steering  of  the  storm  Is  guaranteed. 

Figures  39,  UO , and  41  are  offered  at  this  time  to  emphasize  the  problem  at 
hand.  In  each  of  these  figures  are  shown  actual  surface  features  approximately  24 
hours  prior  to  onset  of  heavy  snowrall  over  areas  of  the  Midwest.  A3  you  can  see, 
It  la  not  at  all  uncommon  for  several  low  pressure  centers  to  appear  within  the 
storm  development  area.  In  each  figure  an  arrow  is  used  to  indicate  the  surface 
center  or  the  low  pressure  development  area  which  eventually  will  become  the  main 
feature.  Determining  which  surface  low  to  watch  will,  hopefully,  be  an  easier  task 
by  the  time  the  reader  has  completed  this  chapter.  Every  variety  of  major  storm 
situation  known  to  have  occurred  over  the  past  dozen  or  so  years  has  been  examined 
and  Included  in  one  of  the  examples  of  case  studies  that  are  to  be  found  In  this 
chapter. 
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500MB'  HEIOHT  FALL  CENTER 


Aa  discussed  previously,  a strong  correlation  between  the  track  of  the  500mb 
height  fall  center  and  development.  Intensification,  and  the  path  of  the  storm 
system  at  the  surface  was  found  to  exist.  It  was  further  concluded  that  closely 
following  the  track  of  the  height  fall  center  could  be  quite  helpful  In  the  deter- 
mination of  where  heavy  snowfall  would  be  most  likely  to  occur.  Undoubtedly,  there 
are  several  very  useful  forecasting  methods  available  In  the  form  of  excellent 
facsimile  products  and  worthwhile  local  studies  and  rules  of  thumb;  however,  the 
value  of  500mb  data  (and  height  fall  and  related  500mb  cyclogenesis.  In  particular) 
as  a forecast  tool  cannot  be  overemphasized. 


To  briefly  review  them,  the  most  typical  setup  for  probable  development  of  a 
snowstorm  In  the  central  U.S.  occurs  when  the  upper  system  bottoms  out  over  the 
western  and/or  northern  sections  of  Texas.  Monitoring  the  movement  of  12-hour  500mb 
height  fall  centers  would  be  very  helpful  In  determining  when  the  upper  system 
bottoms  out  within  the  trough.  Another  point  to  consider  throughout  this  chapter  Is 
that  minimum.  If  any.  Intensification  generally  occurs  during  the  bottoming  out 
period  with  maximum  storm  Intensification  attained  while  the  storm  moves  northeast- 
erly. 


THE  500MB  HEIQHT  FALL  CENTER  AND  SIGNIFICANT  SNOWFALL 


Many  weather  units  lying  within  the  snow  area  have  developed  methods  for  fore- 
casting the  probability  of  snow  versus  rain  over  their  locations.  The  Information 
to  be  presented  here  Is  general  and  will  give  an  Idea  where  the  significant  snow 
area  will  be  located  In  relation  to  the  storm  system.  There  was  found  to  be  a 
relationship  between  the  500mb  height  fall  track  and  areas  of  significant  snowfall 
based  on  data  from  previous  Midwest  snowstorms.  Specifically,  as  a general  rule 
derived  from  case  studies  from  1952  through  1975,  the  division  line  between  frozen 
and  liquid  precipitation  Is  the  track  of  the  height  fall  center.  Snow  occurs  to 
the  left  (cold  air  side)  of  the  track. 


Figures  42 , 43  and  44  depict  various  relationships  between  the  surface  low, 
the  500mb  height  fall  track,  and  significant  snowfall.  Before  discussing  these 
three  figures,  there  are  two  subjective  rules  that  have  been  observed: 


♦ When  the  surface  low  Is  to  the  left  of  the  500mb  height  fall  center  track, 
the  significant  snowfall  area  will  lie  approximately  parallel  to  and  to  the  left  of 
either  the  surface  low  track  or  the  500mb  low  track  depending  on  how  cold  the  storm 
system  Is.  In  nearly  all  cases,  the  snowfall  area  will  at  least  lie  along  and 
parallel  to  the  500mb  low  track.  See  Figure  42.  The  surface  low  - 500mb  height  fall 
center  track  alignment  is  typically  seen  when  there  Is  an  absence  of  a strong  sur- 
face high  pressure  system  over  the  central  and  upper  Midwest  (l.e.,  receding  surface 
high  pressure  pattern). 


♦ When  the  surface  low  Is  to  the  right  of  the  500mb  height  fall  center 
track,  the  significant  snowfall  area  will  lie  approximately  parallel  to  and  to  the 
left  of  the  500mb  height  fall  center  track.  See  Figure  43.  The  surface  low-500mb 
height  fall  center  track  alignment  Is  typically  seen  when  a strong  surface  high 
pressure  system  Is  present  over  the  central  and  upper  Midwest  (l.e.,  prevailing 
surface  high  pressure  system). 


HIGH  PRESSURE  SYSTEM  RECEDING  FROM  THE  MIDWEST 


In  Figure  42,  the  alignment  and  movement  of  the  surface  low,  the  500mb  low  and 
the  500mb  height  fall  track  are  shown.  The  tracks  shown  In  Figure  42  depict  the 
typical  setup  for  storm  development.  At  the  500mb  level,  the  short  wave/low  Is 
moving  towards  the  Midwest  and  bottoms  out  over  the  southern  Rockies/western  and 
northern  Texas  area  before  turning  northeastward.  The  main  frontal  low  would  likely 
be  along  a mP  frontal  system  approaching  from  the  west. 
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RELATIONSHIPS  BETWEEN  THE  SURFACE  LOW,  THE  SOOMB 
HEIGHT  FALL  CENTER  AND  HEAVY  SNOWFALL 


HIGH  PRESSURE  PREVAILING  OVER  THE  MIDWEST 


tn  Figure  45,  the  Min  surface  low  would  likely  be  a frontal  low  (sH  or  cP) 
located  some  distance  to  the  southeast  of  the  upper  low  system  due  to  the  presence 
of  a strong  high  pressure  area  or  ridge  over  the  Midwest.  There  will  be  stny  varia- 
tions to  the  pattern  shown  in  Figure  45  depending  upon  the  paths  of  the  upper  and 
surface  low  systeus.  This  is  an  excellent  overrunning  situation;  considerable  pre- 
cipitation would  occut  southward  to  the  surface  low  center.  The  division  line  be- 
tween rain  and  snow  would  lie  along  and  to  the  northwest  of  the  height  fall  center 
track. 

SHORT  WAVES  MOVING  OUT  OF  LONG  WAVE  TROUGH 

The  alignnent  of  tracks  shown  in  Figure  44  is  similar  to  Figure  45.  This 
pattern  is  presented  because  it  occurs  quite  frequently  over  the  central  and  western 
U.S.  and  accounts  for  the  majority  of  snow  forecast  misses  (some  examplcs'wi 11  be 
shown  later  in  this  Chapter).  In  these  patterns,  a deepening  trough  over  the  west- 
ern U.S,  exists  as  a long  wave  feature.  Short  waves  move  through  the  long  wave, 
bottom  out  over  the  Colorado  Plateau  - southern  Rockies  area,  and  swing  northeast- 
ward across  the  western  Plains.  At  the  surface  there  is  usually  a stationary  mP 
or  a modified  stationary  cP  front  lying  NE-SW  across  the  Midwest.  Main  low  develop- 
ment is  along  the  front.  With  colder  air  to  the  north  within  the  surface  ridge,  as 
shown  in  the  figure,  the  snowfall  path  will  usually  fall  along  and  to  the  northwest 
of  the  height  fall  track  rather  than  along  the  main  surface  low  track. 

F.ach  storm  system  track  is,  of  course,  different;  therefore,  each  system  re- 
quires evaluation  as  to  where  the  SOOmb  height  fall  center  will  bottom  out,  where 
the  main  surface  low  will  develop  and  the  subsequent  path  of  both  features.  The 
location  of  prevailing  surface  high  pressure  areas  during  storm  development  pro- 
vides a reliable  indication  of  this  relationship.  We  will  first  consider  the 
patterns  associated  with  a surface  high  receding  eastward  from  the  Midwest. 


SECTION  ONE  - SURFACE  HIGH  RECEDING  FROM  MIDWEST 
RELATIONSHIP  BETWEEN  aP  MAIN  LOW  ORGANIZATION  AND 
CYCLOGENESIS  ALOFT 


Maritime  polar  frontal  systems  appearing  over  the  Rocky  Mountain-western  plains 
area  and  undergoing  surface  cyclogenesis  will  either  be  stacked  with  the  upper  low 
or  will  be  supported  by  an  upper  trough/low  still  developing  over  the  western  U.S. 
The  majority  of  discussion  that  will  be  presented  throughout  this  chapter  will  per- 
tain to  the  SOOmb  height  fall  center  track  associated  with  upper  level  cyclogenesis 
over  the  western  U.S.  and  its  effect  on  the  development  and  movement  of  frontal  lows 
over  the  Midwest.  Main  surface  low  development  and/or  intensification  is  likely 
when  the  500mb  height  fall  center  approaches  from  New  Mexico  and/or  Colorado. 


VERTICAL  SUPPORT  BETWEEN  SURFACE 

and  uPpeiT "SYSTEM 


In  Figure  4Sn,  the  closed  low  with 
in  the  trough  at  SOOmb  is  moving 
easterly  along  the  ideal  snowstorm 
track  and  supports  the  approaching 
mP  frontal  system  shown  in  Figure 
45b.  The  upper  low  usually  de- 
velops within  a short  wave  trough 
and  maintains  a short  wave  low  pat 
tern  during  its  trek  across  the 
Midwest . 


Associated  surface  low  organization  us- 
ually occurs  along  the  mP  frontal  system 
within  the  lee-side  trough  and  the  main 
low  is  not  hard  to  identify  once  it 
organizes  over  the  western  plains.  A 
strong  low  level  jet  and  Gulf  stratus 
occur  with  this  setup. 


NOTE:  In  this  and  all  subsequent  related 
figures  the  respective  main  features  will  be 
identified  as  follows: 

Feature  Ident . 

500*b  low  and  track 

500*b  lit  fall  center/track 


Figure  4Sb:  Surface,  00Z  X Pec  1973 


Surface  Low  and  track 


SURFACE.  FEATURES 


The  appearance  of  one  or  more  surface  lows  (frontal  and/or  non-frontal)  within 
the  lee  side  trough  occurs  often  with  the  surface  high  receding  eastward.  The 
identification  and  steering  of  the  main  surface  low  in  relation  to  the  approaching 
SOOmb  height  fall  center  will  be  presented  in  the  following  examples.  Also, 
recognition  of  changes  in  frontal  structures,  as  these  systems  move  into  the  west- 
ern plains,  will  he  discussed.  These  frontal  changes  are  sometimes  indicators 
that  a storm  system  is  developing. 


LEE-SIDE  LOWS  (MAIN  LOW)  DEVELOPMENT  AND  MOVEMENT 


It  was  mentioned  in  Chapter  3,  8S0mb  level,  that  eventually  the  lee-side  low 
becomes  the  major  low  when  cyclogenesis  aloft  occurs  to  the  west  or  southwest  of 
the  Rockies,  except  when  a strong  high  is  prevailing  over  the  Midwest.  The  lee- 
side  low  is  established  from  either  an  organized  low  moving  into  the  lee-side 
trough  from  the  western  U.  S.  or  a low  developing  within  the  lee-side  trough  or 
a combination  thereof. 


There  appears  to  be  a definite  relationship  between  the  movement  of  this  lee- 
side  low  and  the  movement  of  the  500mb  height  fall  center  as  upper  level  support  for 
the  developing  storm  system  as  it  moves  out  of  the  southern  Rockies.  Lee-slde 
lows  generally  move  southeastward  and  often  fill  (excluding  diurnal  falls)  during 
the  period  when  the  upper  system  Is  bottoming  out  within  the  trough.  In  Chapter  2, 
it  was  shown  that  magnitude  of  500mb  height  fall  will  generally  decrease  or  remain 
unchanged  during  bottoming  out;  the  surface  system  usually  fills  during  this  same 
period.  Figures  46,  47  and  48  show  the  relationship  between  the  surface  low  and 
the  500mb  height  fall  center.  In  each  example,  the  central  pressure  of  the  main 
surface  low  and  the  central  height  fall  value  are  shown  In  twelve-hour  increments, 
as  are  their  respective  tracks. 

In  Figure  46,  the  lee-side  low  has  become  the  main  low,  as  the  frontal  low  over 
Nevada  dissipated.  Sometimes,  lows  along  the  mP  frontal  system  will  remain  behind 
and  become  stationary  over  the  western  U.S.  as  the  mP  front  continues  eastward.  A 
new  low  will  appear  along  the  mP  front  when  it  moves  into  the  lee-side  trough.  The 
relationship  between  these  two  tracks  in  Figure  46  can  readily  be  seen.  The  surface 
low  and  500mb  height  fall  center  tracks  are  approximately  parallel,  and  both 
bottomed  out  over  Texas.  Notice  that  the  height  fall  center  decreased  30  meters 
between  03/00Z  and  03/12Z;  simultaneously,  the  surface  low  filled.  The  system  sub- 
sequently moved  northeastward  and  developed  into  a major  storm  with  the  500mb 
height  falls  increasing  after  bottoming  out  had  occurred. 
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Figure  48:  Example  S,  20-22  Feb  1974 


MAIN  SURFACE  L0W/S00MB  HEIGHT  FALLS  CENTER  RELATIONSHIPS 


Example  47  depicts  the  same  general  pattern  as  shown  in  Figure  46.  Initially, 
two  lee-side  lows  were  evident  on  the  surface  chart.  By  09/1200Z  these  have  both 
become  mP  frontal  lows.  The  point  to  be  made  here  is  proper  identification  of 
the  low  which  is  to  become  the  main  surface  low.  The  original  lee-side  low  (09/ 
00Z)  moved  into  northwest  Kansas  along  the  mP  front.  The  main  surface  low  devel- 
oped over  southern  Colorado  between  09/00Z  and  09/12Z  along  the  mP  front  as  the 
SOOmb  height  fall  center  approached  western  New  Mexico  from  northern  Arizona 
(09/12Z).  Note  that  this  surface  low  and  the  height  fall  center  both  bottomed  out 
and  showed  a decrease  in  central  value  at  10/00Z.  The  secondary  frontal  low  over 
northwestern  Kansas  eventually  dissipated  (10/00Z).  It  should  be  most  evident  from 
this  example  that  particular  attention  must  be  given  to  properly  identifying  the 
main  low.  A snow  forecast  based  on  the  original  lee-side  low  (located  in  eastern 
Colorado  at  09/00Z)  would  present  a forecast  problem  in  timing  the  onset  and  deter- 
mining the  area  likely  to  receive  snowfall. 

A thiTd  example  is  shown  in  Figure  48.  The  main  surface  low  within  the  lee 
side  trough  moved  rapidly  southward  between  Z0/12Z  and  21/00Z  to  be  properly 
aligned  with  the  approaching  height  fall  center  near  El  Paso,  Texas.  Another 
frontal  low  appeared  along  the  front  by  20/1SZ  (in  New  Mexico)  but  dissipated 
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(or  merged  with  the  main  low)  by  21/031.  Good  agreement  between  the  height  fall 
center  and  the  surface  system  movement  after  bottoming  out  can  be  seen. 


Sometimes  the  lee-side  low  will  prematurely  move  southeasterly  into  the  west- 
ern plains  ahead  of  an  approaching  mP  front  and  the  associated  upper  low.  In 
these  cases,  the  surface  low  will  "wait"  over  the  western  plains  until  the  upper 
low  catches  up.  This  "waiting"  period  also  occurs  when  lows  form  along  stationary 
fronts  and  an  upper  system  is  moving  towards  the  western  plains  (see  discussion  on 
page  63,  Figure  57). 


FRONTAL  ORIENTATION /INVERTED  TROUGHINC 

Maritime  polar  fronts  moving  from  the  Rocky  Mountains  may  slow  down  and  under- 
go changes  in  their  frontal  structure.  Such  frontal  variations  suggest  that  per- 
haps cyclogenesis  aloft  is  occurring.  Detecting  these  frontal  variations,  there- 
fore, can  be  especially  valuable  during  the  periods  between  receipt  of  successive 
upper  air  analyses.  In  Figure  49,  a low  has  organized  and  the  mP  frontal  segment 
north  of  the  low  has  become  stationary,  indicating  the  probability  of  backing  wind 
flow  aloft.  These  circumstances  could  give  a clue  to  either  cyclogenesis  or  a 
bottoming  out  of  the  SOOmb  low/impulse.  The  mP  frontal  characteristics  north  of 
the  low  will  gradually  be  modified  to  moreso  resemble  cP  air  mass  characteristics, 
as  colder  air  from  Canada  is  drawn  into  the  low.  An  inverted  trough  is  often 
shown  on  subsequent  analyses,  if  the  mP  front  has  substantially  weakened.  The 
rain/snow  division  line  is  generally  along  the  axis  of  this  frontal /inverted  trough 
line.  The  main  surface  low  will  usually  move  northeasterly  along  these  isobaric 
inverted  trough  patterns,  allowing  for  some  easterly  movement  of  the  entire  storm 
system. 


CASH  STUPIDS  THAT  INC1.1IDF.  THE  500MB  LOW  TRACK 


So  far  in  this  chapter,  the  relationship  between  the  movement  and  tendency  of 
the  SOOmb  height  fall  center,  the  movement  of  the  main  surface  low,  and  the  prob- 
able area  of  heavy  snow  has  been  presented.  In  the  three  figures  to  follow,  the 
SOOmb  low  center  track  has  been  added  to  this  relationship  in  order  to  provide  a 
more  complete  picture  of  the  storm  system  affecting  areas  of  the  Midwest  that  are 
associated  with  a receding  high  pressure  pattern.  In  this  respect,  Figures  50 
through  52  show  the  development  and  progression  of  major  snowstorms  over  areas  of 
the  Midwest.  Figures  SO  and  SI  are  intended  to  show  early  and  late  warning  of 
500mb  cyclogenesis  associated  with  the  storm  system.  Figure  S2  is  presented  to 
show  forecasters  how  a developing  storm  over  the  Rockies  can  change  direction, 
leaving  most  of  the  Midwest  free  of  snowfall.  The  surface  low's  central  pressure 
and  height  fall  center  plus  maximum  height  fall  value  shovn  on  each  500mb  chart 
are  also  included  in  each  figure. 


CYCLOGENESIS  ALOFT  OVER  THE  WESTERN  U.S.  - EARLY  WARNING 


In  Figure  SO,  the  closed  SOOmb  low  first  appeared  (developed)  over  northern 
Arizona  at  20/12Z.  The  height  falls,  however,  appeared  24  hours  earlier  (19/122) 
over  southern  Nevada,  indicating  the  possibility  of  cyclogenesis  within  the  upper 
trough.  The  main  surface  low  developed  in  the  lee-side  trough  and  began  moving 
southeasterly  as  the  height  falls  center  passed  through  Arizona  and  New  Mexico. 

In  this  particular  case,  the  height  fall  central  value  did  not  decrease  during 
the  bottoming  out  period  in  New  Mexico  and  west  Texas  but  (slightly)  decreased 
earlier  over  Arizona.  All  three  tracks  turn  northeasterly  at  approximately 
21/1200Z.  The  heavy  snowfall  area  remained  to  the  northwest  of  the  height  fall 
track. 

CYCLOGENESIS  ALOFT  OVER  THE  ROCKY  MOUNTAINS  - LATE  WARNING 


The  storm  shown  in  Figure  51  produced  blizzard  conditions  over  eastern  Nebras- 
ka, Iowa  and  northward.  The  height  fall  center  moved  into  the  western  U.S.  at 
08/12Z  associated  with  a typical  short  wave  trough.  Continued  deepening  within 
the  trough  produced  a closed  SOOmb  low  36  hours  later  (10/00Z)  over  the  southern 


Rocky  Mountains.  Meanwhile,  at  the  surface,  the  lee-side  low  began  its  south- 
easterly movement  subsequent  to  09/122  as  the  height  fall  center  moved  from  south- 
ern Nevada  to  southeastern  New  Mexico.  Organization  occurred  over  western  Oklahoma 
and  the  system  rapidly  became  an  intense  storm.  Heavy  snowfall  occurred  along  and 
to  the  left  of  the  surface  low  track.  As  this  example  shows,  cyclogenesis  aloft 
within  a short  wave  trough  over  the  Rockies  can  develop  intense  storms  suddenly 
over  the  Midwest. 


SHORT  WAV!:  MOVING  OUT  Oh  A LONG  WAVE  TROUGH  OVER  THE  WESTERN  U.S. 


This  storm  system  affected  a large  area  of  the  northern  Rockies,  western 
Nebraska  and  the  Dakotas.  The  storm  system  shown  in  Figure  52  would  have  been 
similar  to  the  preceding  figures  just  shown;  however,  the  short  wave  entering  the 
Pacific  Northwest  was  quite  strong  (-2S  or  greater  12-hour  height  falls  from  Wash- 
ington to  Arizona).  It  became  an  apparent  long  wave  feature  over  the  western  U.S. 
The  500mb  low  and  associated  height  fall  center  bottomed  out  early  over  southern 
Utah  and  Arizona  instead  of  the  New  Mexico  - west  Texas  area  and  moved  in  a 
straight  northeasterly  course  towards  the  upper  Midwest  (see  also  Figure  17,  Chap- 
ter 2).  A secondary  short  wave  impulse,  marked  by  a cold  pocket  and  the  strong 
height  falls  area,  moved  rapidly  southward  along  the  West  Coast  into  the  system 
and  was  located  over  southern  California  by  01/00Z.  This  impulse  strengthened  the 
long  wave  trough  and  induced  the  SOOmb  low  to  bottom  out  (Ol/OOZ)  and  subsequently 
move  northeastward  across  the  upper  Midwest.  The  related  surface  low  moved  south- 
ward down  the  lee-side  trough  from  eastern  Colorado  to  eastern  New  Mexico  in  24 
hours.  Note  that  the  surface  low  and  the  SOOmb  low  bottomed  out  at  the  same  time 
(Ol/OOZ).  In  this  case,  the  height  fall  center  bottomed  out  12  hours  earlier(31/ 
12Z)  and  was  located  over  northeastern  Colorado  by  (Ol/OOZ).  This  was  a clue  that 
the  storm  system  should  soon  begin  a northeasterly  track.  It  was  difficult  to  dis- 
cern, with  the  addition  of  the  new  height  fall  center  over  California,  that  the 
original  height  fall  center  still  existed  over  northeastern  Colorado.  Weakening 
SOOmb  height  falls  moving  up  a long  wave  trough  are  sometimes  hard  to  locate  when 
further  deepening  is  occurring  upstream  to  the  west  of  the  trough. 

As  further  discussion  of  this  case,  the  surface  chart  depicted  in  Figure  S3 
shows  the  analysis  three  hours  prior  to  the  main  surface  low  reaching  its  southern- 
most position  (Ol/OOZ)  over  eastern  New  Mexico.  The  system  looks  like  an  ideal  ' 

snowstorm  situation  for  the  central  Plain  states.  The  cold  air  source  is  the 
approaching  cP  high  moving  southerly  toward  the  upper  Plains  and  northern  Rockies. 
Note  the  inverted  troughing  beginning  to  vaguely  appear  over  western  Nebraska  and 
the  Dakotas.  This  trough  is  likely  a surface  reflection  of  the  SOOmb  height  fall 
center  approaching  from  the  southwest.  The  surface  low  subsequently  moved  into 
eastern  South  Dakota  during  the  next  30  hours;  it  moved  north-northeastward,  stay- 
ing pretty  much  on  the  axis  of  the  weak  inverted  trough. 

Returning  briefly  to  Figure  52,  the  main  surface  low  organized  within  the  lee- 
side  trough,  bottomed  out  in  east -central  New  Mexico,  and  moved  across  central  Kan- 
sas and  eastern  Nebraska.  The  heavy  snow  area,  however,  remained  approximately 
parallel  to  and  northwest  of  the  500mb  height  fall  track.  The  entire  system  even- 
tually became  vertically  stacked  over  Minnesota. 

SURFACE  SYSTEMS  LACKING  IMMEDIATE  UPPER  AIR  SUPPORT 


The  second  major  pattern  for  Midwestern  snowstorms  under  the  condition  of  the 
surface  high  receding  eastward  (shown  in  Figure  sequence  54  a S b)  develops  when  mP 
fronts  and  merging  cP  fronts  from  Canada  become  stationary  over  the  central  and  up- 
peT  Midwest  in  response  to  upper  level  cyclogenesis  over  the  western  U.S.  It  is  not 
uncommon  for  mP  frontal  systems  from  the  Pacific  to  continue  eastward  across  the 
Rockies  during  the  period  when  the  related  upper  trough  is  undergoing  cvclogenesis . 
However,  the  eastward  movement  of  the  front  usually  stops  just  lee  of  the  Rockies  with 
the  shifting  of  upper  level  winds  to  the  southwest.  Often,  continued  SOOmb  trough 
deepening,  caused  by  another  short  wave  and/or  cold  pocket  moving  into  the  short 
wave,  changes  the  short  wave  into  a long  wave  trough  pattern  with  a closed  low, 
similar  to  the  discussion  and  accompanying  illustration  shown  in  Figure  52.  In  the 
cases  we  are  now  considering,  however,  the  frontal  system  is  already  located  over 
the  Midwest  during  cyclogenesis  over  the  western  U.S.  The  SOOmb  height  fall  cen- 
ters often  bottom  out  over  the  Arizona-New  Mexico  area  and  move  northeasterly 
across  the  western  plains. 


The  trough  entered  the  West  Coast  .'o  hour*  earlier  as  a short  wave  trough  sys- 
tem. From  the  time  ot'  the  depicted  SOOmb  analysis,  intensification  began,  and  a 
low  became  fully  organized  over  southern  Nevada  during  the  next  12  hours.  In 
Figure  S4a,  note  the  SOOmb  height  falls  track  (for  the  past  12  hours)  and  wide  con- 
tour gradient  over  lower  California  and  Nevada.  During  this  deepening  period,  the 
related  mP  frontal  system  shown  in  Figure  S4b  slowed  its  forward  movesient  and 
eventually  became  stationary;  the  ml*  front  developed  cP  characteristics  due  to  cold 
air  flowing  in  from  Canada.  The  surface  front  will  normally  remain  stationary  under 
these  circumstances  until  the  main  upper  trough  moves  eastward,  in  these  cases, 
the  short  wave  low  moves  out  and  approaches  the  frontal  system.  As  will  be  ex- 
plained In  the  paragraph  below,  the  low /assoc lated  inverteJ  trough  surface  feature 
In  the  Rockies  along  the  Co lorado/llt ah  border  (Figure  5*ib ) should  not  be  mistaken 
as  the  main  surface  system.  The  main  surface  tow  development  (often  rapid)  will 
occur  somewhere  along  the  frontal  system  (ususlly  under  the  SOOmb  height  fall 
center  track)  near  the  Texas  panhandle  region. 


SURFACE  FEATURES:  l.INCERlNti  l.OWS/  I NVERTEH  TROUUHS 


There  are  some  general  surface  features  that  are  lndlcatoreof  probable  low 
development  along  just  such  a stationary  front  when  cyclogenesis  aloft  Is  occurring 
west  of  the  Rockies.  Surface  lows  and/or  inverted  troughs  that  develop  and  persist 
over  or  west  of  the  Rockies  when  a mP  or  cP  frontal  system  slows  down  over  tne 
Midwest  are  indicators  that  upper  level  trough  deepening  and  cyclogenesis  are 
occurring.  Figure  S4b  shows  surface  features  24  hours  prior  to  major  low  develop- 
ment along  the  frontal  system  over  southwest  Kansas.  The  closed  low  shown  within 
the  inverted  trough  appearing  over  Colorado  and  Utah  in  this  figure  was  originally 
along  the  mP  frontal  system  over  Utah.  This  low  remained  nearly  stationary  while 
the  mP  front  advanced  Into  the  western  plains  and  was  indicative  that  further 
deepening  within  the  upper  trough  was  occurring.  In  most  cases,  this  "lingering" 
low/trough  will  not  move  eastward  towards  the  front  to  trigger  frontal  cyclogenesis 
but  will  remain  behind  and  eventually  fill.  In  ac tual 1 ty , t hese  lingering  lows/ 
inverted  troughs  are  no  more  than  reflections  of  an  approaching  SOOmb  short  wave 
which  will  become  the  triggering  mechanism  for  frontal  cyclogenesis.  Snowfall 
occurring  In  the  vicinity  of  the  inverted  trough/low  is  the  result  of  the  upper 
trough  system  and  an  ups  lope  low  level  flow  along  the  mountains.  The  approaching 
upper  trough  will  induce  storm  development  and  a snowfall  area  from  lee  of  the 
Rockies  northeastward  into  the  plains,  while  the  lingering  low/inverted  trough 
(upslope  flow)  pattern  will  disappear  ms  surface  ridging  begins  to  move  into  the 
area  behind  the  upper  trough. 

There  is  another  reason  why  inverted  t roughi ng/ lows , along  with  cyclogenesis 
aloft,  will  be  sustained  behind  the  frontal  system  over  the  Midwest.  The  movement 
of  cF  air  southward  from  the  northern  Rockies  and  Canada  creates  an  Inverted 
troughing  pattern  along  its  western  boundary,  separating  fresh  cP  air  from 
modified  cP  or  mP  air.  The  surface  analysis  will  not  always  show  a frontal  boundary 
within  thia  inverted  trough  due  to  the  weakness  of  the  discontinuity.  In  Figure 
S4b,  cP  ridging  is  evident  across  Wyoming  to  Colorado  and  Is  an  indicator  that  cP 
air  is  pushing  southward.  A frontal  system,  although  not  significant,  could  have 
been  placed  along  the  inverted  trough  indicated  by  the  dashed  lines  In  Figure  54h. 
Regardless  of  the  cause(s)  that  produce  this  lingering  Inverted  trough/low  feature, 
do  not  consider  it  as  main  surface  development  over  the  western  plains,  even  if 
significant  snowfall  is  currently  occurring  within  it.  The  frontal  development  is 
still  the  main  feature  to  consider  (along  with  the  SOOmb  height  fall  track)  for 
the  overall  movement  of  the  snowfall  urea  that  Is  to  come  to  the  centrai  U.S. 


CASE  STUDIES 


- - 

Figure  sequence  VI  through  61  are  offered  to  give  the  reader  a more  thorough 
understanding  of  the  "lingering"  low  and  lta  subsequent  dissipation  through  low 
level  cold  air  adveetlon.  In  each  cane  study,  discussion  will  focus  upon  the 
developments  at  500mb  and  related  events  leading  to  surface  cyclogeneslo  and  the 
subsequent  storm  pattern. 


60 
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liXAMPl.l  l-Figure  SS  shows  t he  composite  p i c t ure  of  the  storm  that  was  Just  dis 
cussed'  in  Figure  S4.  The  SOOmh  height  fait  renter  entered  the  lower  California 
coast  (17/111)  and  moved  eastward.  A low  center  within  the  trough  did  not  appear 
until  24  hours  later  over  Idaho.  The  18/122  SOOmb  low  either  moved  southward  or 
dissipated  with  a new  low  forming  by  19/002  over  the  Nevada-lltah  area  in  agreement 
with  the  height  fall  center  location  and  movement.  The  entire  system  bottomed  out 
over  western  New  Mexico  and  moved  on  a northeasterly  course  towards  Kansas.  Again, 
the  SOOmb  height  fall  center  at  19/122  indicates  that  the  SOOmh  low  over  New  Mex- 
ico at  19/122  should  begin  moving  northeasterly.  Meanwhile  (since  18/122),  the  sur 
face  front  has  been  stationary  across  the  western  Plains.  During  the  twelve  hours 
following  the  indication  of  bottoming  out  by  the  turning  to  a northeasterly  track 
by  the  height  fall  center,  the  system  became  organized.  At  the  surface  (discussed 
below)  rapid  intensification  occurred  along  the  front.  The  eventual  heavy  snowfall 
area  remained  to  the  left  of  the  height  fall  track 


Figure  SS:  Composite,  18  - 21  Nov  197S 


RXAMPLF  1 - SURFACF  SYSTEMS  I AC  KING  IMMF.11IATE  lirPF.R  SUPPORT 


Figure  S6b:  Surface,  121,  19  Nov  197S 


Figure  S6a:  Surface.  092,  19  Nov  197S 


Figure  S7  ( sue  valid  t ime  as  Figure  56b)  is 
shown  to  emphasize  two  points.  Earlier  in  this 
chapter  it  was  mentioned  that  surface  lows  will 
sometimes  "wait"  over  the  western  plains  along 
an  mP  frontal  system  until  the  associated  upper 
system  "catches  up".  Storm  development  in  this 
particular  case  is  a good  example  of  such  a 
"waiting"  surface  low.  In  Figure  57.  the 
frontal  low  developed  by  19/12Z,  but  remained 
nearly  stationary  for  at  least  9 hours  over 
southwest  Kansas.  The  surface  low  began  to 
move  sometime  between  19/21Z  and  20/OOZ  as  the 
500mb  height  fall  center  moved  across  the 
frontal  system  and  the  500mb  low  moved  into 
western  Kansas  (as  shown  in  Figure  55).  As  the 
second  point,  note  the  isallobaric  low  center 
that  appears  in  Figure  57  over  south  central 
Kansas.  As  a general  rule,  the  surface  low  will 
move  toward  the  isallobaric  low  center.  In 
this  particular  case  study,  however,  the  low 
continued  to  move  northeastward  along  the  front 
in  response  to  the  flow  and  movement  of  the 
height  fall  center  at  SOOmb.  By  20/00002  the 
main  low  was  located  over  northeastern  Kansas. 
Had  forecasters  moved  the  low  eastward,  as 
suggested  by  use  of  the  isallobaric  low  center 
as  an  indicator,  snow  would  have  been  forecast 
for  most  of  the  eastern  half  of  Kansas  where 
none  actually  occurred.  Such  a practice  should 
be  tempered  by  careful  examination  of  continuity 
of  both  500mb  low  and  height  fall  center  movemei 
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Figure  57:  12Z,  19  Nov  1975 


SURFACE  ANALYSIS  - CENTRAL  P1A1NS 


EXAMPLE  2 - In  Figure  58  the  SOOmb  low  and  height  fall  center  moved  over  the  Nest  Coast  and 
bottomed  out  over  Arizona  and  Utah  by  04/12Z.  Meanwhile,  the  associated  raP  frontal  system  moved 
across  the  Rockies  and  became  stationary  over  the  central  Midwest.  Subsequently,  a cP  high  built 
and  slowly  extended  a cold  ridge  into  the  upper  Midwest,  changing  the  mP  front  into  a cP  front.  The 
main  surface  low  formed  over  northern  New  Mexico,  moved  southeastward  along  the  front,  and  bottomed 
out  over  north  central  Texas  approximately  12  hours  after  the  upper  low  reached  its  lowest  position. 
The  surface  low  and  upper  low  did  not  ideally  stack  due  to  the  presence  of  the  cP  ridge  over  the 
upper  Midwest.  The  significant  snowfall  area  remained  to  the  left  of  the  SOOmb  height  falls  track 
well  to  the  northwest  of  the  surface  low’s  path. 
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Figure  58:'  Composite,  J-S  March  197b 
EXAMPLE  2 - SURFACE  SYSTEMS  LACKING  IkWEMATE  UPPER  SUPPORT 


In  Figure  S9a,  the  main  surface  low  is  located  over  north  central  Texas... not 
Colorado.  The  low  and  inverted  trough  pattern  over  Colorado  is  a reflection  of 
the  upper  low  and  should  not  move  eastward  but,  instead  fill.  The  heavy  snow  area, 
howeveT,  is  occurring  within  the  Colorado  low  because  of  the  approaching  SOOmb  low 
and,  in  addition,  the  low  level  upslope  flow.  The  04/12Z  height  fall  center  over 
New  Mexico  is  nearing  the  frontal  system.  By  nine  hours  later,  in  Figure  59b,  the 
main  surface  low  has  organized,  while  the  Colorado  low  has  filled.  The  heavy  snow- 
fall area  still  remains  well  behind  (northwest)  the  Illinois  low.  It  is  not  recom- 
mended that  the  snow  be  forecast  to  progress  eastward  immediately  behind  the  sur- 
face low  when  the  upper  system  is  a great  distance  away  and  is  continuing  to  move 
northeasterly.  In  this  case,  the  heavy  snow  moved  into  the  eastern  Dakotas  and 
Minnesota  and  left  eastern  Nebraska,  Kansas  and  southern  Iowa  without  significant 
snowfall  (i.e.,  the  snow  area  remained  along  and  to  the  left  of  the  500mb  height 
fall  center  track). 

EXAMPLE  3 - The  third  example,  as  shown  in  Figures  60  and  61,  is  presented  to 
alert  forecasters  that  heavy  snow  can  occur  with  a cutoff  low  or  a closed  low  with- 
in a long  wave  trough  which  has  been  stationary  over  lower  California.  Often,  an 
associated  surface  front  is  lacking  with  these  upper  systems.  Precipitation  will  in- 
crease and  spread  across  the  southern  and  central  plains  when  these  upper  systems 
finally  move  out  towards  the  noTtheast  (as  shown  in  Figure  60).  The  likelihood  of 
widespread  heavy  snowfall  is  greatest  in  these  cases  when  the  Midwest  has  been 
dominated  by  a cP  high  pressure  system  over  the  previous  24  to  48  hours. 


EXAMPLE  3 - SURFACE  SYSTEMS  LACKING  IWEDIATE  UPPER  SUPPORT 
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Figure  61  shows  the  related  surface 
features  approximately  10  hours  after 
the  upper  system  began  to  move.  There 
was  no  primary  surface  low  upon  which 
to  estimate  snowfall  timing,  since  the 
system,  for  the  most  part,  was  an  upper 
level  phenomenon.  In  this  case  the 
frontal  low  in  the  Gulf  dissipated;  how- 
ever, one  must  always  he  cautious  when 
Gulf  waves  do  appear  and  a cutoff/closed 
low  is  approaching  the  Midwest  from  the 
southern  Rockies  as  a short  wave.  No 
organized  storm  developed  within  the 
lee-side  trough  in  this  particular  ex- 
ample because  the  short  wave  (cutoff 
low)  was  already  ahead  of  the  approach- 
ing mP  frontal  system.  Figure  60  shows 
the  relationship  between  the  heavy  snow 
area  and  the  SOOmb  height  fall  center 
truck.  Snowfalls  of  6”  - 8"  fell  over 
areas  of  the  central  and  upper  plains. 


SECTION  TWO  - MIDWEST  UNDER  THE  DOMINANCE  OF  HIGH  PRESSURE 
Relationship  Between  mP/cP  Main  l.ow  Organization 
and  Cyclogenesis  Aloft 


When  a large  high  pressure  area,  usually  cP,  prevails  over  much  of  the  Great 
Basin,  central  and  northern  Rockies,  and  the  Midwest  area,  frontal  and  low  activity 
is  generally  confined  to  the  southern  Rockies  and  the  southern  Plains  areas.  Short 
waves  moving  across  the  southwestern  U.S.  (independent  of  long  wave  troughs  exist- 
ing east  of  the  Rockies)  continue  eastward  across  Texas  and  develop  frontal  waves/ 
lows  over  eastern  Texas  and  within  the  Gulf  of  Mexico.  Normally,  this  particular 
frontal  low  development  continues  eastward  affecting  the  Gulf  coastal  states  and 
the  eastern  Seaboard  states . There  are,  however,  situations  where  major  frontal 
low  development  moves  northward  and  affects  large  areas  of  the  Midwest. 

The  upper  air  structure  in  these  situations  is  a mean  long  wave  trough  orien- 
ted NE-SW  from  the  Great  Lakes  to  the  southwestern  U.S. , and  a strong  Pacific  ridge 
is  present  off  the  West  Coast.  Short  waves  moving  from  or  developing  over  the  Gulf 
of  Alaska  and/or  the  Pacific  Northwest  "drop"  rapidly  southward  into  the  Arizona- 
Nevada-Utah  area,  bottom  out  over  the  west  Texas-New  Mexico  area  and  swing  north- 
eastward across  the  Midwest.  Since  most  of  the  Midwest  is  under  the  dominance  of 
cold  polar  air,  large  areas  of  precipitation  develop  well  in  advance  of  the  short 
wave’s  arrival.  The  southerly  flow  preceding  the  approaching  short  wave  produces 
a stationary  overrunning  set  up.  Excessive  snowfalls  are  not  uncommon  over  the 
southern  and  central  plains  during  the  storm's  formative  period  due  to  this  quasi - 
stationary  overrunning  condition. 


SURFACE  FEATURES 

Listed  below  are  general  surface  features  that  exist  prior  to  and  during  storm 
development  of  this  type. 

■It  A stationary  front,  usually  cP,  lies  across  Texas  and/or  the  Gulf  of 

Mexico. 

* Usually,  a weak  (often  inverted)  and  disorganized  troughing  within 
the  pressure  pattern  extends  northwurd  from  the  frontal  zone  into  the  central 
plains. 


Main  low  development  will  either  be  along  the  frontal  zone  or  form 
somewhere~north  of  the  front  within  the  inverted  trough  pattern.  Low  development 
usually  begins  about  the  time  of  bottoming  out  of  the  SOOmb  height  fall  center 
track. 

6S 


* Lingering  lows/inverted  troughs  frequently  appear  over  the  southern 
Rockies  during  and  after  main  low  development  over  the  southern  plains. 


CASE  STUDIES 


Figure  sequence  62  through  6S  is  shown  next  to  Rive  the  reader  a more  thor- 
ough picture  of  storm  development  while  the  Midwest  was  found  to  be  under  the  dom- 
ination of  high  pressure.  Two  examples  are  given. 

EXAMPI.E  1 - Tn  Figure  62,  the  SOOmb  low/height  fall  centers,  shown  in  24-hour 
periods,  moved  southeastward  from  the  Pacific  Northwest  towards  Arizona  and 
bottomed  out  over  the  ideal  location  of  New  Mexico  and  West  Texas.  If  the  Midwest 
had  been  under  a receding  high  pressure  situation,  the  main  low  development  would 
most  likely  have  been  found  within  the  lee-side  trough  over  Colorado  and  New  Mex- 
ico. However,  the  Midwest  is  under  a cP  high  pressure  system;  therefore,  main  low 
development  would  be  more  likely  to  occur  along  the  stationary  cP  frontal  system 
in  Texas.  In  Figure  62,  the  surface  low  associated  with  the  short  wave  weakened 
and  dissipated  over  New  Mexico.  Main  low  development  occurred  along  the  front  in 
eastern  Texas  (21/12Z)  and  began  to  move  northward  when  the  SOOmb  height  fall 
bottomed  out  over  western  Texas  (21/122).  By  twenty- four  hours  later,  the  surface 
low  had  intensified  and  became  stacked  with  the  upper  system  over  Missouri.  There- 
after, the  low  turned  easterly  towards  the  Great  Lakes.  The  heavy  snowfall  area 
remained  to  the  left  of  the  path  of  the  height  fall  center  throughout  the  period. 


Figure  62;  Composite,  19-23  Feb  1971 


EXAMPI.E  1 


PREVAILING  HIGH  OVER  THE  MIDWEST 


Figure  63a 


Figure  63b:  Surface,  12Z  21  Feb  1971 


FiRure  63c:  Surface,  12Z  22  Feb  1971 


EXAMPLE  1 - PREVAILING  HIGH  OVER  THE  MIDWEST  II.  S 


Figure  sequence  63  depicts  the  surface  pattern  relevant  to  Figure  62,  2l»  hours 
before,  during  main  low  development,  and  2U  hours  later.  In  Figure  63a,  the  mP 
frontal  system  is  found  over  western  New  Mexico.  In  Figure  63b,  2h  hours  later,  this 
mP  surface  system  has  dissipated.  The  remnants  of  the  mP  frontal  system  are  reflected 
by  the  inverted  troughing  north  of  the  frontal  low  in  eastern  Texas.  The  approaching 
500mb  height  fall  center  over  western  Texas  sets  oTf  further  development  of  the  sur- 
face low  over  east  Texas  and  southeastern  Oklahoma  during  the  next  12  hours.  Wide- 
spread (overrunning)  snowfall  is  shown  in  Figure  63b  occurring  to  the  northwest  of 
the  frontal  wave.  The  division  line  between  rain  and  snow  is  along  the  projected 
500mb  height  fall  center  track  (Figure  63c).  Quite  often  the  inverted  trough  from 
the  low  northward  into  Oklahoma  (Figure  63b)  is  an  Indicator  that  the  upper  system 
is  beginning  to  bottom  out  and  Is  turning  northeastward.  By  the  next  day,  in 
Figure  63c,  the  surface  low  has  developed  into  a major  storm  centered  over  Missouri 
and  is  moving  towards  the  Great  Lakes.  Heavy  snowfall  of  15-?5  inches  covered  much 
of  Iowa,  Nebraska,  Kansas,  and  western  Oklahoma. 


Figure  f>4 : Composite,  9-12  Feb  196a 
EXAMPLE  2 - PREVAILING  HIGH  OVER  THE  MIDWEST 


Figure  65a:  Surface,  122  ID  Feb  1965 

Bxample  2 - This  storm  pattern  is  similar  to  the  previous  example  in  many  re- 
spects. In  Figure  64,  an  intensifying  SOOmb  short  wave/closed  low  moved  from  south- 
ern Idaho,  where  it  had  formed,  into  the  southern  Rockies.  The  original  surface 
low  (shown  in  west  central  New  Mexico)  dissipated,  as  did  the  low  in  Mexico.  De- 
velopment of  the  main  surface  low  occurred  along  the  Arkansas/Missouri  border  while 
the  SOOmb  height  fall  center  was  passing  from  the  panhandle  region  into  southern 
Kansas.  Note  how  rapidly  the  short  wave  low  moved  to  the  northeast  after  it  bottomed 
out  over  eastern  New  Mexico.  It  is  suspected  that  the  SOOmb  low  also  bottomed  out 
over  northeastern  New  Mexico  sometime  between  11/12Z  and  12/12Z,  perhaps  near  11/18Z 
(indicated  by  the  arrows  in  Figure  64)  in  agreement  with  the  height  fall  center 
over  eastern  New  Mexico.  Only  24-hour  positions  were  available  for  this  case  study, 
so  a straight  northeasterly  SOOmb  low  center  track  is  shown  from  northwestern  New 
Mexico  to  Wisconsin  rather  than  into  northeastern  New  Mexico  and  then  northeastward, 
as  is  suspected  to  be  the  actual  case.  The  heavy  snow  area  lies  to  the  left  of  the 
SOOmb  height  fall  center  track.  Taking  a closer  look  at  this  example,  in  Figure  6Sa 
the  surface  pattern  12- 18  hours  prior  to  heavy  snowfalls  over  the  central  plains  is 
shown.  The  storm  system  centered  over  Wisconsin  had  developed  over  the  southern 
plains  24  hours  earlier.  The  mP  cold  frontal  system  moving  across  Mexico  is  becoming 
diffused.  Snow  is  increasing  over  the  Rockies  within  the  cold  air  and  results  from 
an  upslope  low  level  flow  and  the  developing  upper  system  over  Utah. 


Figure  bSh:  Surface,  12Z  11  Feb  1965 


In  Figure  6SI\  the  pressure  pattern 
is  disorganized  over  the  southern  plains 
as  the  upper  system  approaches.  The  il' 
cold  frontal  system  moving  across  Old 
Mexico  has  become  further  diffused.  In 
verted  troughing  appears  in  two  areas: 

(1)  Over  the  Mountains  of  New  Mexico  and 
Colorado  (reflecting  both  the  SOOmb 
trough  and,  at  the  surface,  the  building 
cP  high  over  North  Dakota)  and  (2)  over 
eastern  Oklahoma  and  Kansas.  It  has  been 
shown  in  previous  case  examples  that  auin 
surface  low  formation  is  likely  under  or 
to  the  east  of  the  height  fall  center 
track  as  it  approaches  from  the  south- 
west. In  this  case  then,  there  should  be 
surface  low  formation  somewhere  within 
this  confusing  isobaric  pattern  over  the 
southern  plains  with  the  support  of  the 
upper  system.  The  dissipated  ml’  frontal 
system  is  probably  reflected  within  the 
inverted  troughing  over  Oklahoma  and 
eastern  Kansas.  The  most  likely  area  for 
surface  cyclogenesis  is,  therefore .with 
in  the  inverted  troughing  north  of  the 
stationary  front  in  western  Missouri  and 
eastern  Kansas  because  that  is  where 
(although  insufficient  to  support  a cold 
front)  the  greatest  thermal  discontin 
uity  exists.  Furthermore,  the  low  is 
favorably  located  along  the  ideal  500inb 
height  fall  track.  Within  the  inverted 
trough,  cold  polar  air  is  moving  south- 
ward through  central  Kansas  with  warm, 
moist  air  flowing  northwestward  towards 
western  Missouri.  Moderate  to  heavy  snow 
is  occurring  over  Kansas  and  Nebraska 
under  a stationary  overrunning  ups  lope 
pattern . 


Hy  six  hours  later,  a surface  low 
has  developed  in  southwestern  Missouri 
north  of  the  stationary  front,  as  shown 
in  Figure  65c.  This  low  developed  rapid- 
ly and  moved  to  southern  Michigan  18 
hours  later  (shown  in  Figure  64).  Heavy 
snowfall  continues  over  the  central 
plains.  Offutt  AFB,  Nebraska,  received 
19";  Omaha  received  25";  and  surround- 
ing areas  had  up  to  50".  The  rain/snow 
line  is  oriented  SW-NF.  across  eastern 
Kansas  to  extreme  southeastern  Towa; 
the  snow  area  is  some  distance  north 
west  of  the  track  of  the  main  surface 
low  in  good  alignment  with  the  height 
fall  center  path. 


Figure  65c:  Surface,  18Z  11  Feb  1965 
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SECTION  III:  SPECIAL  CASES 
CVCLOGF.NES1S  ALOFT  APPROACHING  FROM  THE  NORTHWEST 


Low  pressure  systems  developing  along  the  quas i -stat ionary  front  over  and  east  of  the  Rocky 
Mountains  can  also  produce  significant  snowfalls  over  the  Midwest.  Discussion  of  the  associated 
upper  level  and  surface  features  was  presented  in  Chapter  4.  In  review,  a prevailing  cP  air  mass 
exists  oveT  a large  portion  of  the  Midwest.  Developing  short  waves  move  further  inland  across 
western  Canada  and  the  northern  Rockies  because  the  Pacific  ridge  extends  further  inland  over  the 
western  U.S.  These  short  waves  continue  southeasterly  and  bottom  out  within  the  long  wave  trough 
over  the  central  Midwest.  Considerable  snowfall  often  develops  within  the  cold  polar  air  as  the 
short  wave  approaches.  The  related  surface  low  is  usually  located  some  distance  from  the  upper 
system. 


CASE  STUDIES 


figure  66:  Composite  24-27  Nov  197S 
EXAMPLE  1 

STORM  SYSTEMS  APPROACHING  FROM  THE  NORTHWEST 


Example  2.  This  example  is  presented  to  show  storm  development  and  the  occur- 
rence of  heavy  snow  without  the  support  of  a closed  upper  low.  Figure  68  depicts 
the  related  movements  of  the  500mb  height  fall  center  and  the  surface  low.  This 
particular  storm  system  produced  initially  unforecast  heavy  snow  over  most  of 
Nebraska  and  Iowa  and  the  extreme  northern  parts  of  Kansas  and  Missouri  as  shown. 

It  also  produced  snow  over  portions  of  the  Ohio  Valley.  In  this  particular  in- 
stance, which  will  occasionally  occur  during  the  winter,  there  was  no  closed  SOOmb 
low  circulation  to  support  this  system.  The  height  fall  center,  associated  with 
the  short  wave,  moved  from  the  Canadian  Rockies  southeastward  to  the  "bottoming 
out"  area  along  the  Nebraska/Kansas  border.  Main  surface  low  development  occurred 
over  Montana.  The  surface  low  moves  southeast  during  the  next  12  hours  in  good 
agreement  with  the  movement  of  the  500mb  height  fall  center.  Figure  69  shows  the 
surface  features  at  19/0000Z,  immediately  prior  to  full  storm  development.  As  it 
moved  from  eastern  Kansas  toward  southeastern  Missouri,  the  majority  of  the  snow- 
fall occurred.  The  heavy  snow  area  lies  to  the  east  and  north  of  the  surface 
low  track  and  the  southern  boundary  of  the  snow  area  is  seen  to  be  along  the 
height  fall  center  track. 


EXAMPLE  2:  STORM  SYSTEMS  APPROACHING  FROM  THE  NORTHWEST 
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I'RIT  I P I TAT  ION  t'l  VI  l-OPNKNT 


Kaput  development  of  clouds  and  precipitation  areas  over  the  Great  Plains  have  frequently 
surprised  forecasters.  The  absence  of  significant  precipitation  over  areas  of  the  southern  and 
central  Plains  during  the  dcvelopnental  period  of  a storm  system  over  the  Rockies  is  quite  common, 
especially  with  a receding  high  pressure  pattern.  Precipitation  often  develops  rapidly  while  the 
system  ttoms  out  and  there  is  subsequent  stacking  over  the  southern  Plains.  It  is  usually  a 
few  hours  prior  to  the  bottoming  out  period  of  the  SOOmb  low  that  moisture  in  the  lower  levels 
(Gulf  or  residual  stratus)  begins  advecting  northward  from  Texas  into  the  developing  system. 

Moisture  is  transported  into  the  middle  levels  by  an  increasing  uplift  of  air  along  and  east  of 
the  trough  axis.  In  this  regard,  the  concluding  section  of  this  chapter  will  discuss  two  developing 
precipitation  patterns.  The  two  patterns  will  be  identified  as  being  associated  with  either  a 
receding  high  pressure  pattern  or  a prevailing  high  pressure  pattern,  as  has  been  done  throughout 
this  Technical  Note. 

SURFACE  HIGH  RECEDING  FROM  THE  MIDWEST 


The  southern  and  central  Plains  are  usually  under  a warm  southerly  flow  on  the  back  side  of 
the  high  just  prior  to  storm  development.  The  presence  of  a low  level  jet  and  subsequent  northward 
advection  of  Gulf  stratus  occurs  frequently.  Gulf  moisture  continues  northward  and  is  lifted  into 
the  middle  and  upper  levels  and  eventually  circulates  into  the  upper  low  which,  by  this  time,  has 
begun  moving  out  of  the  Rockies.  Snow  develops  within  the  colder  air  and  the  precipitation  aTea 
increases  as  the  system  continues  to  intensify.  Figures  70a  through  70e  depict  a storm's  passage 
over  the  Midwest.  Surface  features  and  SOOmb  low  center  and  height  fall  center  (tracks)  have  been 
added  to  those  charts  closest  to  the  00Z  and  12Z  SOOmb  data  to  show  the  relationship  between  the 
bottoming  out  period  and  increased  precipitation.  In  Figure  70a,  no  precipitation  is  observed  over 
the  plains.  Scattered  showers  have  developed  along  the  cold  front  near  El  Paso,  Texas  (ELP). 
Scattered  areas  of  precipitation  are  likely  within  the  cold  air  associated  with  the  approaching  sys- 
tem west  of  the  Rockies;  however,  significant  precipitation  develops  later  over  the  plains.  Figures 
70b  and  70c  show  the  gradually  increasing  precipitation  areas  over  eastern  Texas,  then  the  southern 
Plains,  as  Gulf  moisture  flows  northward.  In  Figures  70d  and  70e,  the  increasing  precipitation  area 
has  spread  into  the  central  Plains  and  Ohio  Valley  as  the  upper  low  (SOOmb)  has  moved  to  north- 
western Oklahoma  (24/12Z).  Moderate  snow  is  falling  over  the  northern  Texas  panhandle,  eastern 
Colorado  and  western  Kansas  area. 


Figure  71  e:  11JSZ  2 Jan  7$ 
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Figure  71* : 2J5SZ  I Jan  7S 


Figure  71c:  0S5SZ  2 .Ian  7S 


Figure  71b:  02JSZ  2 Jan  7S 


Figure  sequence  7 la  through  71e,  shown 
in  three-hour  increments,  is  presented 
to  show  another  example  of  this  rapid 


tion.  In  this  case  there  is  no  readily 
Identifiable  surface  low  to  track.  A 
closed  low  within  the  SOOmb  long  wave 
t rough  over  the  southwest  II.  S.  moves 
rapidly  northeastward  toward  the  central 
states  and  the  surface  high  recedes 
from  the  northern  Plains  into  the  Ohio 
Valley.  In  Figures  71*  and  71e  the  S00 
low  center  location  has  been  added  (as 
in  the  previous  example!  to  show  the 
12  hour  movement  of  the  upper  system. 
Note  the  rapid  development  of  the  pre- 
cipitation area.  In  this  particular 
example  the  SOOmb  low  and  precipitation 
area  were  moving  northeastward  at  40 
knots.  Further  history  of  this  storm 
was  shown  in  Figures  t<0  and  61  and  is 
discussed  earlier  in  this  chapter. 


•V’? 


Figure  7 Id : OHJSZ  2 Jan  7S 
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Figure  74:  SOOmb  OOZ  3 Mar  1979 


Figure  72:  SOOnb  12Z  2 Mar  1979 
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Figure  76:  Snowfall  12Z  3 Mar-S  Mar  1979 


A third  example  of  rapidly  developing  precipitation  is 
depicted  in  Figures  72-7b.  The  surface  frontnl  and 
pressure  systems  shown  in  Figure  73  fits  the  receding 
high  pressure  pattern  described  on  pages  .15  and  3b.  Note 
the  lack  of  precipitation  over  the  southern  plains 
(Figure  73)  associated  with  the  short  wave  moving  through 
Arizona  (Figure  72).  Eight  hours  later,  precipitation 
increased  dramatically  (Figure  75).  Now  look  at  the 
movement  of  the  height  fall  center  (Figure  74).  It  has 
obviously  bottomed  out  and  is  now  moving  to  the  north- 
east towards  Oklahoma.  Again,  the  precipitation  patterns 
increase  s igni f leant ly  during  and  after  the  "bottoming 
out”  period.  Figure  76  shows  the  resulting  snow  accumu- 
lation related  to  this  storm.  In  most  cases,  heavy  snow 
accumulations  lie  to  the  cold  side  of  the  500mb  MFC 
track.  In  this  case,  the  storm  received  a significant 
amount  of  warm  advection.  As  described  on  page  51,  heavy 
snow  accumulation  will  fall  to  the  left  of  the  SOOmb  low 
center  track  if  the  storm  becomes  sufficiently  warm. 


SURFACE  HIGH  PREVAILING  OVER  MIDWEST 


When  the  central  U.S.  has  been  under  donlnation  hy  strong  high  pressure  for  24  to  48  hours,  a 
stationary  frontal  boundary  is  normally  found  over  Texas  eastward  across  the  Gulf  of  Mexico  with 
cold  polar  air  prevailing  over  eost  of  the  Midwest  (Figures  77a  and  77b).  A long  wave  trough  usually 
lies  west  of  the  Rockies.  At  the  start  of  developaent  a generally  combined  area  of  precipitation 
develops  along  and  to  the  north  of  the  frontal  boundary.  Gradually,  Moisture  spreads  northwestward 
across  Texas  into  New  Mexico  from  the  Gulf.  This  pattern  reaains  fairly  stagnant  until  a short  wave 
systea  Moves  out  of  the  long  wave  over  Arizona  and  New  Mexico  (Figures  78a  and  78b).  (bice  the 
short  wave  begins  to  turn  northeastward  the  precipitation  area  begins  to  expand  quite  rapidly 
(overrunning).  Extensive  areas  of  precipitation  spread  northeastward  across  the  Midwest  as  the 
associated  short  wave  Moves  northeastward  froa  the  southern  Rockies.  Figure  sequence  79  depicts 
such  a precipitation  pattern  under  a prevailing  high  pressure  systea.  This  systea  produced  a foot 
of  snow  in  Kansas  and  Missouri  and  gave  Texas  everything  froa  an  ice  stora  in  the  Dallas  area  to 
IS  inches  of  rain  at  College  Station. 

In  the  precipitation  type  shown,  the  intent  has  been  to  inpress  upon  forecasters  the  inportance 
of  constantly  watching  for  any  sign  that  will  give  warning  of  an  iapending  stora  fonaation.  In 
the  case  of  a receding  high  pattern  precipitation  develops  rapidly  over  the  southern  plains  usually 
in  the  Texas  panhandle  - western  Oklahoaa  area.  Precipitation  developaent  associated  with  a pre- 
vailing high  pattern  increases  gradually  over  a large  area  of  the  southern  plains  and  generally 
provides  aaple  warning  that  increased  overrunning  ahead  of  the  approaching  upper  trough  is  occurring 
No  natter  whether  all  the  signs  are  there  (at  the  SOfab,  at  the  surface,  or  on  the  progs)  or  not, 
closely  watching  the  upstrean  changes  as  they  are  occurring  reaains  one  of,  if  not  the  Most 
iaportant  responsibilities  of  the  forecaster. 


Figure  77a:  Surface,  12Z  30  Dec  1978 


Figure  77b:  Surface  1 


Figure  78a:  SOOnb,  00Z  30  Dec  1978 


Figure  78b:  SOOnb  12Z  31  Dec  1978 


S UNWARY 


The  main  purpose  of  this  chapter  has  been  to  tie  together  many  of  the  key  features  of  the 
surface  analysis  with  the  developments  that  are  occurring  aloft,  with  the  SOOub  level  being  the 
area  of  primary  concern.  There  is  a definite  relation  between  the  track  of  the  SOOmb  height  fall 
center  and  what  happens  on  the  surface ..  .particularly , where  the  storm  will  move  and  what  area  is 
the  most  likely  to  receive  heavy  snowfall.  The  intent  of  this  chapter  was  to  show  this  relation- 
ship for  ea^h  type  of  major  storm  system  known  to  have  occurred  during  research  (1952-1976).  In 
the  process,  main  low  identification,  development,  and  movement  were  discussed  at  length  to  better 
prepare  the  reader  for  future  winter  storms. 
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SUMMARY 

RECOGNITION  OF  SYNOPTIC  FEATURES  FAVORABLE  FOR  HEAVY  SNOWFALL  OVER  THE  GREAT  PLAINS  (Figures  80  and  81) 

SURFACE/ LOWER  LEVELS 


5 » a c*x  o H c -4 1 

^ ^ 2 - *3  bo«t* 

» <*  4*  O O.  4)  CO^JO’qcCOi 

0«  M*  Q b*  > — « M-e  ♦A  3 b O 

C4)OOMX0**g4)  ••"*«-»Q.MM-«0<M 

0 0>-**XM14>B-«M»  M M b( 

7 0*  O U.  ♦*  TJ  3 -**  4)  41  0?  4)  X •»* 

1 2*!-.ss8*  aa&fc- 

i t §v  35 .5  £5*  S -S  S a 

* . C3  6*3  0»CU>0B 

M MO  u y O o o o>h  o 

o C > 6 O & OtH  M *>T)  *>  *> 

0<do«>^hu>4MU«m  mm 

X 6 c q c x X *»  X 

■ **<<#  -U-M  U *H  >hb2  « Kin  « 


4)  4>  1m  • i 

Mwoa  • vm  v 
ti  ^ > «-h  id  o « o, 

■ O.O'H  O «H  * 

a.*  4)  0.0  0*  T3  T3 

O i o o.  nj  M 5!  o 


s-i-^no  U 0.  a U -H  h 

-8  £ 85  c "* 

8 S.S-  a£  S2  S S 

+J  *i  oo  o v h a 
& o x c E .h£  -rN  o a 
OcO-<-tU.^o3l  S.  3 


• ° i s 

•O  £<31  S.  8 c£.2 

•h  «g  ^ *h  C jrf 
o c ■ * 4>  o *r 

4*  -H  4)  4*  4*  M OO  OC  K> 
l«P*M)  M 0M  h 
•*  n Ml  Cu-H  M 0.  4)  4)  K> 
0*J4>a.0w«BXK> 


C X ** 

3 00  O I 

3 C M C 

♦JO  O 4)  Ml 

■H0*XO.0*  >4) 

*" S ■ 58  • I 

Ml  4)  M O * S 

&3 8 §~E3  x 

h *0  ^ ♦J  4)  , 

4)  l X CO  C ♦*  — • 

> 0)  M O Ml  • M 

• •.■i.mis 


8 E •§  ■ oo 

X > 41  I <H  C V 00 

oo  5 *j  o w a m 

•H  S VI  C h I 1 0 OO 

X " M 4*  •**  4)  0*  -H 

r->  4>  3 4)  *0  O U. 

xa.  ♦j  x *-«  e 

4*  O 4)  4)  r-*  (0  4* 

o X at  4*  Q.  4 1 • 

♦■»  0*  *J  4)  3 X > Ml 

MO  X MO  C 

b4*  • w id  3 **h 

O,  VIA  3 V O 00i« 

■ > • 0 4)  4*  G r* 


N 

o y v • 

sSli: 


KUIUUIQmZO  x*~ox 


g-s 3 a i e sLSSa 

*m  n » 8 O 9 Vh 
O w X C C O 

O-H  *i  (I  »><H  g>H  O 
MOM0*>3**»  M 

• MH  o « O c Ow«M4; 

0*ua.C»«O«->P.£4-> 

M M O _ SB  3 

• «E>tS-3«SS  . 

?35§.g33t2 -.*8 

• •-*♦>  M ^ W « V 9 

3 ♦*  MO  M M « UM 

<82  8 gS52  8ES  * S 


■O  . j o y • s C a 
c »♦*  B 4>  u ooR  ><mu 
cmo  x © 0*  *-:*♦*. 

o 4.  «c  fl  x 
x:  m - x — • © c ^ 0*  . 
•J**  « «TJ  K 4*  4*  4*  O 
■o  m«  h «|Im  o o*«4 
CCChO  X c 

8.833  ° g fe  8 tJ -o  o ‘ 
•sasa^sgsggjs- 


o-o  w 3 

• o.x  cx.  o 

> V D O 

• T3  00  0 


OQ.M4*O^MOO. 
Ih  X C W-*0*^ 

U->  W Ml  M W M Q.CC  U 


> V I X 

0 V C m *-» 

•H  «)  4>  4)  -H  V. 

4d  to  •-(  O B O 

X X S C 

M M X 
Ml  4)  I."  *j  (. 

4)  > M 4)  g -H  -H 

» 41  O -3  3 3 M 

1 e-»  *H  3 

♦J  t -m  4)  T3 

ifl  > « c w Mh 


oo  c 

C ^ M -H  • 

o «J  0>  «j  «/l  X _ 

— • tf  > -.  -r*  4)  < 

<o  c o a.  mi  *-« 

O W1 

w in  x c -H  rt  • 

0.8*1  U 0.  x > -v 

O <4  4>  * 

Is  3 X .fi  ui 

4)  W c ♦-*  4)  O. 

> ~ 3 3 > O.T3 

O O O O O *r*  C 

O 0.x  mi  h Vi  rt 


C X <N 
OHiOl 
4*  *J 
U*  • M 00 

0*  2 3 UU  41 

CO  M 

h we  a 

0 Ml  c • ♦* 

a.  O <4  T>  Ml 


s t i s oo  2 

-.258568: 

4)  c 4)  C C O.  « 

»1  VI  Mh  g fl.  i 

«1  -o  3 3 X < 

4)  M 4*  • f M-' 

0«4>4>*0.CBj 
O 0*  T)  O 4>  4»  5 8 


0.  ^^00**00414)60 

o m o S Z^H  «^3>  Q_*  *J  OC 


6 0*  oo  x 

•-*  4>  C *-> 

> *h  3 

tc  X *J  o 

•H  eo  Ml  Ml 

M 3 *H 

•O  C O H Ml 

C -n  0.  4)  Ml 

OX*-*  o 

o *->  x 0* 

4)  *0  M O 

M»  3 4)  6 M 


4 C 

3 -r*  X ^ 

o^*j*i  o o 

0-  ~ ■ O.  0*  X 

H *r«  O « *J 

• S 4)  O 8 • 

£ g-S  l *-z  S 

**■•  -*  13  OO  M 'H 

X -*  GEM 

O 00-*  3 0 0 0 

O c •**  O -*  0*  O 

04  •«  «♦*  _ «fl  •**  Qi 


* • 0*  Ml  *0  -H  to 

t 3 

S-St-^lp  • 

♦-»  rt  3 O •-«  ♦J  O VI  L • 


CO  X Ml  < 

4)  f<  *0  « 

0*  0*  C 

y « ■?  » ' 


4*  fO  4)  X 
M > O0*> 
H V 0 
O 0*  M *M 

a.  a.*-*  o 


4*  • > 

♦j  s 4)  e 
c *o  *-* 

4)  4*  -H  4 
0 4)  M)  t 

slsii 


S'SS^ 


— Z O X — O X 


Figure  9S:  300Mb  OOZ  5 Dec  1978 


Figure  96:  500mb  OOZ  5 Dec  1978 


XOGENESIS 


Figure  101:Surface  OOZ  7 Dec  1978 


Figure  99:  300mb  OOZ  7 Dec  1978 


500mb  OOZ  7 Dec  1978 


Figure  102:  Surface -06Z  7 
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Notts  The  iouthern  edge  otf  the  heavy  tnou  area 
depicted  ivilt  expand  touthmrd  toward*  the 
5 OOmb  HFC  track  in  proposition  to  the  cotd- 

„ ,,,  , a "Mi  of  the  prevailing  air  man. 

Shown  above  (Figures  110  through  112)  are  three  I 

more  examples  of  the  relationships  between  the  

tracks  of  the  500mb  low,  the  500mb  height  fall  center  and  the  surface  low  described  In  Chapter  5. 
Many  variations  of  the  relationships  shown  may  occur;  forecasters  should  determine  where  and  when 
recurvatlve  of  the  upper  system  will  take  place.  Also,  considerations  of  where  the  primary  surface 
anticyclone  will  lie  (and  Its  air  mass  characteristics)  - whether  It  Is  receding  from  or  will  pre- 
vail over  the  Midwest  - are  necessary  to  determine  heavy  snowfall  areas.  Don't  become  confused  with 
the  current  surface  pattern  where,  perhaps,  two  or  more  surface  frontal  lows  are  occurring  during 
storm  organization.  The  primary  low  will  develop  and  intensify  rapidly  within  the  vicinity  of 
upper  level  recurvature  (bottoming  out)  areas. 


EXAMPLES  OF  HEAVY  SNOWFALL  PATTERNS 
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TOE  JANUARY  1975  BLIZZARD 


On  January  8,  cold  air  and  positive  vorticity  advected  over  the  Nest  Coast  and  set  the  stage 
for  store  development  over  the  Great  Plains.  This  developaent  is  portrayed  in  the  sequence  of 
figures  (113-123)  which  shows  the  relationship  between  various  paraaeters  discussed  in  this  tech 
note.  The  coaposite  figures  include  the  SOOmb  )et  and  isotachs,  the  SOOab  height  falls  (SO  aeter 
increments)  and  height  fall  center  (X).  the  low  level  Jet  axis  (open  tail  arrow)  and  associated 
low-level  aoisture.  These  figures  will  be  discussed  only  where  eaphasis  is  needed. 

Figure  113  depicts  the  pattern  approximately  36  hours  prior  to  heavy  snowfall  over  the 
central  and  western  plains.  In  Figure  113c  trough  deepening  is  appearing  within  zonal  flow  over 
the  Nest  Coast.  In  Figure  113d,  a large  height  falls  area  has  appeared  over  the  Nest  Coast  as  a 
strong  Jet  stream  approaches  central  California. 

A lee-side  low  appears  within  the  trough  over  eastern  Colorado  as  shown  in  Figure  114a.  In 
Figure  114b,  the  lee-side  trough  appears  at  the  8S(h»b  level.  Thermal  ridging  is  noted  within  the 
lee-side  trough.  Deepening  continues  at  the  SOOab  level  evident  by  the  cold  air  trough  over  the 
western  U.S.  (Figures  114c).  In  Figure  114d,  the  height  fall  center  continues  southeastward 
towards  Arizona  north  of  the  Jet  stream.  The  Jet  has  strengthened  to  150*  knots  as  the  isotach 
area  aoves  into  lower  California. 

In  Figure  115a,  the  aP  frontal  systea  had  been  moving  southeasterly  at  approximately  25  knots, 
but  is  beginning  to  slow  down  due  to  continued  upper  level  deepening.  Two  surface  lows  appeared 
along  the  frontal  system.  The  low  over  southern  Colorado  is  the  main  low  (see  Chapter  S,  Figure 
47).  The  northern  portion  of  the  mP  front  (occluded  segment)  has  become  diffused  and  is  indicated 
by  an  inverted  trough.  No  significant  precipitation  over  the  plains  is  evident.  The  cold  air 
source  for  this  developing  storm  system  is  the  cP  frontal  system  over  Montana.  At  the  850mb  level 
(Figure  115b)  a low  has  appeared  within  the  lee-side  trough  which  suggests  that  continued  deepening 
and  probable  cyclogenesis  is  occurring  within  the  approaching  uppeT  trough.  Gulf  moistuTe  appears 
along  the  Texas  - Louisiana  coast.  In  Figure  115c,  deepening  continues  and  the  contour  gradient 
has  loosened  from  Montana  southward  to  New  Mexico,  while  the  height  fall  center  track  has  continued 
to  be  southeastward  and  strong  cold  air  advection  (with  a closed  pocket)  strengthens  within  the 
trough.  In  Figure  llSd,  the  SOOmb  height  fall  center  has  continued  southeastward  and  has  decreased 
in  magnitude  by  20  meters.  The  Jet's  eastern  segment  over  the  Midwest  is  moving  northward  as  the 
trough  continues  to  deepen.  A new  110  kt  isotach  appears  along  the  Jet  and  is  located  within  the 
southeastern  quadrant  of  the  trough  over  New  Mexico.  The  low  level  Jet  has  developed  (55-60  knots 
at  2,000-3,000  feet)  over  the  southern  and  central  plains.  Gulf  stratus  below  3,000  feet  has 
advected  into  north  central  Texas.  All  of  the  ingredients  for  major  storm  development  are  evident 
at  this  time. 

The  radar  charts  (Figures  116  and  117)  subsequent  to  Figure  1 IS  are  shown.  In  Figure  116, 
precipitation  is  occurring  within  the  inverted  trough  over  the  upper  Midwest  and  in  the  colder  air 
over  Colorado.  No  precipitation  has  developed  over  the  central  and  southern  plains.  Frontal 
showers  are  occurring  over  New  Mexico.  Five  hours  later,  (Figure  117)  a significant  increase  in 
precipitation  has  occurred  over  the  central  plains. 

Returning  to  the  12-hour  sequence,  in  Figure  118a,  two  frontal  surface  lows  still  appeared. 

The  main  low  is  located  over  the  Texas  panhandle.  The  Kansas  low  dissipated  shortly  thereafter. 

Cold  air,  moving  southward  across  the  northern  Rockies  within  the  lower  levels,  is  feeding  into  the 
storm  system  as  shown  in  Figure  118b.  Nairn,  moist  gulf  flow  continues  northward  into  Missouri. 

At  the  SOOmb  level,  a closed  low  appears  within  the  trough  over  northern  New  Mexico  (Figure  118c ). 

In  Figure  116d,  the  Jet's  eastern  segment  has  moved  northward  toward  the  Great  Lakes.  A 110*  knot 
jet  maximum  still  exists  within  the  southeastern  quadrant  of  the  trough.  The  strong  150*  knot 
jet  maximum  is  still  prominent  over  the  western  U.S.  The  height  fall  center  has  decreased  further 
as  the  center  bottoms  out  over  eastern  New  Mexico.  Gulf  moisture  continues  northward  into  the 
storm  system  supported  by  a weakening  low  level  jet  (40  knots).  Precipitation  continues  to  increase 
over  the  Midwest  as  shown  in  Figure  119,  nearly  six  hours  later.  The  entire  system  has  bottomed 
out  and  is  beginning  to  turn  northeasterly.  The  increasing  snow  area  over  western  Kansas  and  the 
Texas  panhandle  (associated  with  the  SOOmb  low)  is  the  area  to  watch  for  significant  snowfall.  As 
the  SOOmb  low  now  moves  northeastward  the  snowfall  area,  likewise,  expands  and  moves  northeastward. 

In  Figure  120a,  the  main  surface  low  that  was  located  over  the  Texas  panhandle  12  hours  ago 
has  moved  northeastward  to  eastern  Kansas  and  has  deepened  5 millibars.  The  storm  system  has 
become  well  organized.  Snow  has  spread  into  Kansas  and  Nebraska.  The  inverted  trough  north  of 
the  low  is  still  persisting;  the  surface  low,  now  moving  northeasterly,  should  move  towards  this 
inverted  trough.  At  the  SOOmb  level,  (Figure  120c)  intensification  continues  and  the  trough  now 
resembles  the  appearance  of  a long  wave  feature.  The  500mb  low  should  now  turn  northeastward. 

The  300mb  jet  axis  east  of  the  trough  has  become  oriented  S-N,  conducive  to  development  of  a long 
wave  trough  pattern.  The  height  fall  center  is  moving  northward  and  has  increased  in  magnitude 
afteT  decreasing  during  the  previous  12  hours.  The  strong  jet  maximum  still  exists  over  the 
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western  U.S.  The  storm  system  is  still  supported  by  * maximum  isotach  area  (110+ 
knots)  within  the  eastern  section  of  the  trough  from  Texas  to  Minnesota.  Figures 
121  and  122  depict  the  precipitation  areas  at  selected  times  subsstiuent  to  Figure 
120).  The  snow  area  has  Increased  and  shows  a slow  easterly  movement.  Blizzard 
conditions  are  occurring  over  eastern  Nebraska  at  the  time  of  Figure  121  and  were 
still  in  effect  nine  hours  later. 


The  storm  system  has  become  fully  developed  as  shown  in  Figure  123a.  The 
central  pressure  has  dropped  12  millibars  during  the  past  twelve-hour  period.  The 
500mb  low  has  moved  northeasterly  to  eastern  Nebraska  and  appears  to  have  become 
a short  wave  within  a long  wave  trough  pattern  (Figure  123c).  In  Figure  123d,  a 
maximum  Isotach  (130+  knots)  Jet  appears  within  the  trough's  bottom  over  Texas; 
however,  the  storm  system  continues  northward  supported  by  the  110+  knot  maximum 
over  Illinois  and  Wisconsin.  The  persistent  Jet  core  with  strong  Isotach  areas 
over  the  western  U.S.  throughout  the  storm  system's  life  most  likely  caused  the 
system  to  appear  to  change  from  a short  wave  to  a long  wave  pattern.  This  storm 
system  continued  northward  into  Minnesota  and  produced  a blizzard  from  eastern 
Nebraska  and  Iowa  northward  to  the  eastern  Dakotas,  Minnesota  and  Wisconsin. 
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Figure  113d:  Composite 
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Figure  U5d:  Composite 


Figure  llSc:  SOOmb 


Figure  11S:  12Z  9 Jan  197S 
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Figure  116:  Radar  Summary,  173SZ  9 Jan  1975 


Figure  122:  K*lar  Stmury 


Figure  12Ja:  Surface 


CONCLUDING  REMARKS 


, Though  by  no  Mans  occurring  with  the  passage  of  every  low  pressure  and 

the"nron»y,«n*  e*ch  trou*h/‘"Puls«f  that  develops  at  SOOmb, 

the  proper  ingredients  for  development  of  a najor  storm  generally  materialize 

n».I«rSik°nC*ae“C!!  wJnter  *°nth  somewhere  ovar  the  central  United  States.  When 
one  of  these  developing  systems  moves  into  the  Rockies,  extensive  amounts  of 
nroISL**Ch?n,e  ?ccur:  T?  P«rt,  the  numerical  models  which  develop  the 

thefl!  lejel*  *5  the  ataosphere  are  unable  to  completely  handle 

these  cases  of  large  and  rapid  energy  exchange. 

"**"  reas?"  f?r  presenting  the  material  in  the  Technical  Note. 

• the  forecaster  will  be  found  able  to  better  improve  upon  the  prog 
i recf ives  «>y  supplementing  the  computer  assessment  of  present  and  future 
characteristics  “ith  his  own  thorough  analysis  of  the  phenomena  that 
snlriftrni°ff»yed  h‘?  through  this  Technical  Note.  The  forecast  for  any 
Mntlnl  °nly  *s  ??odJas  the  efforts  of  forecasters  in  using,  supple- 

?nd  "odifying  centralized  computer  products.  Perhaps  the  efforts  put 
^rreId!i0P"ent,Of  the  Previous  chapters  will  convey  the  intended  message  to 

d j ^ Jyl  conJ»nual  examination  (close  net  watch)  of  individual  obser- 
V'V°nrl  a"d  facsimle  chart,  still  ranks  at  the  top  of  the  list  of  means  to 
enhance  weather  service  to  our  users. 
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